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BACKGROUND. Inadequate water supply and sanitation adversely affect the health 
and socio-economic development of communities and place them at risk of 
contracting S. haematobium and soil transmitted helminths (STH). 
 
AIM. The aim of the study was to determine if improved water and sanitation 
infrastructure has had an impact on the prevalence and intensity of schistosomiasis 
and soil transmitted helminths in female pupils aged 10-12 years attending primary 
schools in Ugu district, KwaZulu-Natal.  
 
METHODS. A descriptive cross-sectional study was conducted in Ugu district 
amongst primary school pupils from 18 randomly selected. Kato-Katz and urine 
centrifugation techniques were used to analyze stool and urine samples respectively. 
A structured questionnaire was used to collect water contact information, and one 
stool sample and three consecutive day’s urine samples, were collected from each 
participant. Information on sanitation and water infractructure in communities was 
obtained through interviews with community ward councillors. Same analysis were 
done on the data from 1998 Parasite Control Programme (PCP) and findings used to 
compare with current study’s findings.  
 
Results. Amongst the 1057 pupils interviewed, prevalence of Ascaris lumbricoides 
and Trichuris trichiura was 25% and 26% respectively, and corresponding mean 
intensities of infections were 21 and 26 eggs per gram. The prevalence of 




eggs/10ml. When asked whether pupils knew about schistosomiasis, whether they 
had had red urine in the past week and if they had ever had dysuria, 60%, 9% and 
22% respectively, answered in the affirmative. The 15 Ugu ward councillors reported 
improved access to safe water and sanitation.  
 
CONCLUSION. Improved service delivery is likely to have contributed to reduced 
prevalence of STHs. However, a third of the study samples and a quarter of the 
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Chapter One: Introduction 
1.1 BACKGROUND 
1.1.1 Introduction to Schistosomiasis (parasitic disease caused by flatworms) 
 
The global prevalence of urogenital schistosomiasis (Schistosoma haematobium) is 
estimated to be about 200 million with 500 – 600 million people from 74 developing 
tropical countries at risk of being infected due to inadequate sanitary facilities, as a 
result of poverty, poor housing, and substandard hygiene (World Health 
Organization, 2005; World Health Organization, 2008). Approximately eighty percent 
of those infected with schistosome species are in Sub-Saharan Africa (World Health 
Organization, 2005, World Health Organisation, 2006). The seventy four countries 
where schistosomiasis is reported include the Middle East, South America, South-
East Asia, and particularly Africa, where its  impact has negative short and long-term 
consequences for development (World Health Organization, 2005).  
 
In general, the growth and survival of schistosome parasites and their snail 
intermediate hosts are sensitive to changes in environmental patterns (World Health 
Organization, 2009). Previous studies have revealed that there is evidence that 
Schistosoma mansoni in South Africa extends from Messina in the Northern 
Province down to Port St. Johns and East London in the Eastern Cape, whereas low 
prevalences were reported in the Rustenburg area of North – West province and in 
the Bronkhorstspruit region in Gauteng (Vermeulen et al., 1997). High infections 
(>70%) were reported in Barberton and Nkomazi, Mpumalanga (Vermeulen et al., 




70% and lower prevalences presented in the coastal regions of Ubombo, Lower 
Umfolozi, Lower Tugela, Inanda, Umzinto and Port Shepstone (Schutte et al., 1995). 
The distribution of S. haematobium is broader than that observed for S. mansoni with 
the highest prevalences (70.0% – 100%) observed in the Northern Province, 
Gauteng, North West Province, Mpumalanga and KwaZulu – Natal (Schutte et al., 
1981, Moodley et al., 1999). 
1.1.2 Epidemiology of schistosomiasis 
 
Schistosomiasis is caused by infection with blood-flukes of the genus Schistosoma 
and is endemic in South Africa. Leder and Weller divide the schistosome species 
into three major species and two less common species which produce infection in 
humans: of the major species, S. mansoni and S. japonicum can provoke intestinal  
and hepatic complications and S. haematobium predominantly leads to renal and 
bladder sequelae, although occasionally it results in liver disease (Leder and Weller, 
2012). The pulmonate snails Bulinus africanus and Bulinus globosus serve as 
intermediate hosts for S. haematobium which is the most prevalent schistosome in 
KwaZulu-Natal, although S. mansoni has a more focal distribution (Johnson and 
Appleton, 2005).  
 
Schistosomiasis is also known as a “water-body contact disease” since it is 
transmitted through skin contact with contaminated water bodies. The lifecycle of 
schistosomes involve a warm-blooded vertebrate definitive (final) host in which the 
parasite undergoes sexual reproduction, releasing eggs which are then released 
from the body with urine and stool, and an aquatic snail (intermediate host of Bulinus 
spp.), in which the larvae released from the egg undergoes development in the snail 




released into the water as miracidiae, and infect their human host (Center for 
Disease Control and Prevention, 1994). The adult male and female S. haematobium 
flukes live in the portal veins draining the urinary and female genital tracts, and those 
of S. mansoni live in the veins draining the lower intestine and rectum. About half the 
S. haematobium eggs laid by the female pass into the bladder where they are 
released to the outside with urine starting the cycle over again, S. haematobium 
eggs are trapped in the vagina, cervix, or uterus. S. mansoni live in the lower 
intestine/rectum and the eggs are released with stool to start the cycle over again.  
 
Approximately one third of the women infected with Schistosoma spp. have genital 
diseases (Poggensee et al., 2001) resulting in a variety of vulvar and perineal 
diseases including ulcerative, fistulous or wart-like lesions. The genital 
manifestations resemble cancer-like lesions and the various sexually transmitted 
diseases (Poggensee et al., 2001; Leutscher et al., 2008).  
 
Several studies have indicated that genital manifestations of schistosomiasis may 
make women susceptible to human immunodeficiency virus (HIV) infection (Kjetland 
et al., 2006) and because S. haematobium affects the urinary and genital tracts, it 
has been renamed urogenital schistosomiasis (World Health Organization, 2010). S. 
mansoni eggs are transported by blood to organs such as the lungs and liver (Center 
for Disease Control and Prevention, 1994).  
1.1.3 Introduction to Soil Transmitted Helminth (STH)  
 
Soil transmitted helminths (STHs) are linked to lack of sanitation. They are prevalent 
in countries where temperatures are conducive to their survival and where there is 




Health Organisation, 2013). Humid, warm and moist temperatures in these regions 
(Crompton, 1989) enable fast conversion of freshly deposited infertile eggs into 
fertile infective eggs (A. lumbricoides and T. trichiura) or infective larvae (Hookworm 
spp.). 
 
An estimated 3.8 billion people are infected with STH species (Crompton, 1999; 
Hotez et al., 2008) with more recent estimations showing that 1,221 million people 
are infected with A. lumbricoides, 795 million with T. trichiura and 740 million people 
with hookworms (de Silva et al., 2003; Hotez et al., 2008). Children are the most 
affected and live in poor or malnourished populations which result in morbidity and 
mortality (Hong et al., 2006). Hong et al, further noted that inadequate hygiene, poor 
health care systems and facilities, social instability, civil war, and natural disasters 
make the situation worse, and hence poverty and STHs are closely linked (Hong et 
al., 2006). 
1.1.4 Epidemiology of STHs 
 
Soil transmitted helminths are caused by intestinal nematodes, hookworms 
(Ancylostoma duodenale and Necator americanus), the roundworm (Ascaris 
lumbricoides), the whipworm (Trichuris trichiura), and the threadworm (Strongyloides 
stercoralis) (Olsen et al., 2009, de Silva et al., 2003, Bethony et al., 2006). A more 
recent estimate from that of de Silva et al above is that 4.5 billion people are at risk 
of infection with one of the three common STHs (hookworm, roundworm and 
whipworm) (Utzinger and Keiser, 2004). Tapeworms are cestodes and although they 
are soil transmitted, they also require an animal intermediate host (Center for 





Victims contract infection after ingestion of eggs from contaminated soil or food (A. 
lumbricoides and T. trichiura), or through active penetration of the skin by infective 
larval stages of the parasite present in contaminated soil (Hookworm spp.). STHs do 
not reproduce inside a person’s body but require the external environment for the full 
infection cycle to occur. They grow in the host into mature worms and produce eggs, 
therefore each case of the presence of a helminth in a person’s body is as a result of 
an infectious event, the consequence of unsanitary defaecation when helminth eggs 
are released back into the soil. (Ziegelbauer et al., 2012). 
1.2 Rationale for study 
Little is known about the current situation of schistosomiasis and STHs in Ugu 
District. A similar study in the study area (Ugu District) was last done in 1998 - 2000 
by the Parasite Control Programme (PCP) group whose results are compared with 
those from our study. Since 2005 there has not been a study on the prevalence and 
intensity of schistosomiasis and STHs on young pupils in KwaZulu-Natal. The 
province of KwaZulu Natal is the worst affected province in the world by HIV with a 
prevalence of 50% and it is mostly youth that is infected (Ugu District HIV and AIDS 
Strategic Plan, 2008, de Klerk et al., 2012) and KwaZulu-Natal also is endemic for 
schistosomiasis and STHs (Saathoff et al., 2004a, Saathoff et al., 2004b).  
 
Some studies have reported a relationship between schistosomiasis and HIV in 
adults, and HIV infection has been shown to increase risk of infection by three times 
amongst schistosomiasis infected women (Kjetland et al., 2006b, Secor, 2006, 
Chenine et al., 2008). Fighting the spread of HIV requires that other infections that 




recommend mass drug administration for helminth infections and to be able to 
identify focal areas within the district, a study such as this is needed. 
 
Schistosomiasis is one of the major causes of childhood morbidity in Africa and it 
negatively affects the nutrition, education, development and productivity of infected 
children (World Bank, 2003, Hotez, 2008). Helminths parasitizing humans can 
destroy the organs and tissues in which they live and compete for nutrients with the 
human host (Muller et al., 2011).  
 
A study in Kenya showed that praziquantel treatment improved mental test scores, 
attentive test scores and concentration test scores whereas before treatment, all 
three scores had been worse amongst children with increased egg counts (Kimura et 
al., 1992).  
 
The current WHO framework for schistosomiasis control recommends school-aged 
children (including those who are not enrolled at school), adolescents, women of 
childbearing age and other high-risk groups to be major targets for systematic 
regular treatment (World Health Organisation, 2002a). Annual mass treatment 
should be administered to school age children and/or adults if the schistosomiasis 
prevalence is more than fifty percent but in a case where prevalence is below fifty 
percent but above ten percent then mass treatment of all community biennially 






1.3 Aim of research 
 
To determine if improved water and sanitation infrastructure in Ugu District has had 
an impact on the prevalence and intensity of schistosomiasis and soil transmitted 
helminths, amongst female pupils aged 10-12 years in primary schools within the 
Ugu district, KwaZulu-Natal. 
1.4 Specific objectives of research 
 
1. To determine the prevalence of schistosomiasis and soil transmitted 
helminths in pupils 10-12 years age attending schools in Ugu district. 
2. To determine the intensity of schistosomiasis and soil transmitted helminths 
amongst investigated pupils. 
3. To investigate factors influencing pupils’ river water contact. 
4. To review the status of sanitation in communities surrounding schools 
investigated in the Ugu district.  
5. To consider the accessibility of clean water in communities surrounding 
investigated schools in the area. 
6. To describe changes in the prevalence and intensity of helminth infections in 
Ugu District that has occurred between the years 1998 and 2010. 
1.5 Assumptions underlying the study 
 
1. Water accessibility and sanitation infrastructure in communities should have 
improved in Ugu District since the last time a similar study was undertaken by the 
Parasite Control Programme (PCP) was between 1998 and 2000. Since then water 
accessibility and the sanitation infrastructure have been targetted as part of 




Municipality, 2011). According to the annual reports from the Ugu District 
Municipality, various projects have sought to ensure that all the communities are 
able to have these basic services (easily accessible water and proper sanitation) in 
their homes (de Klerk et al., 2012). This study therefore explored if access to water 
and sanitation has improved in the study area. 
 
2. Prevalence and intensity levels of helminth infections amongst pupils should have 
declined when compared to those from the PCP study, 1998-2000. This assumption 
arises from an understanding that if the living conditions and socio-economic status 
of the community has improved since then there should be less contact with unclean 
water and improved sanitation and less unhygienic practices in the area.   
 
3. Although this study only investigates young girls 10-12 years of age, findings from 
this group can be extrapolated to other primary school pupils in the Ugu District. The 
prevalence of helminth infection in children of primary school age is similar (Adams 
et al., 2005) and both boys and girls aged 10-12 years are known to be the group 
that is at high risk (World Health Organisation, 2002c). 
1.6 Operational Definitions Used 
 
1. Schistosomiasis: Schistosomiasis is an infection/disease caused by several 
species of trematodes. In this report, this term is used to refer to urogenital 
schistosomiasis infection, which is caused by the fluke, Schistosoma haematobium 
(World Health Organisation, 2002a). Schistosomiasis is commonly known as 




2. Soil Transmitted Helminths (STHs): STHs are a class of intestinal worms that 
are transmitted through contaminated soil. In this study the term is used to refer to 
the two helminths found in the study. That is the roundworm Ascaris lumbricoides 
and the whipworm Trichuris trichiura. 
3. Sanitation: Is generally the proper disposal of sewage wastewater aimed at 
preventing human contact from any agents that may cause disease (Fincham, 
2001a). In this study, the term sanitation is used to refer to safe and clean VIP toilets 
in households. 
4. Water accessibility: In this report water accessibility refers to the ability of 
various communities to access clean safe water from their households usually 
through standpipes not far from their homes or reticulated water in their homes. 
5. Township: A densely populated urban area on the periphery of a city 
6. Rural area: An area located outside the city, mostly underdeveloped that has a 
low population density. 
7. Urban area: Areas found within cities characterized by high-density populations. 
1.7 Organisation of the report 
 
Chapter One provides an introduction to the study as well as the background to the 
helminth infections that are being investigated in this study (schistosomiasis and 
STHs), and their epidemiology globally, nationally and also locally i.e. in the study 
area which is Ugu District Municipality, KwaZulu-Natal, South Africa. In this Chapter, 
the aims, objectives, and assumptions are also outlined. 
 
Chapter Two is the literature review which reviews the prevalence and intensity of 




epidemiology globally, nationally and also locally i.e. in the study area which is Ugu 
District Municipality, KZN, South Africa. It includes information from the Parasite 
Control study in Ugu District from 1998-2000. A further review is of water and 
sanitation availability and accessibility to water by communities in Ugu. The socio-
economic status within this community and the role of the MDGs in respect of the 
socio-economic status of the community are considered. 
 
Chapter Three describes the type of research undertaken, the study design and the 
study population. This chapter sets out the sampling framework and issues 
considered when selecting the schools. It describes the type of samples collected, 
transportation and management of the samples as well as the computer software 
and the methods used to analyse the data. It explains the recruitment and training of 
fieldworkers and describes the data management. Finally the issues of ethical 
clearance and informed consent from parents and assent from participants are 
presented. 
 
Chapter Four is a compilation of the results in terms of the objectives of thisstudy. 
 
Chapter Five discusses the results and considers the results of various other similar 
studies. 
 
Chapter Six contains the conclusions and recommendations of this study. 
 





Chapter Two: Literature Review 
2.1 Introducing the Problem 
2.1.1 Problem of STHs and Schistosomiasis 
 
Whether the infection with schistosomiasis becomes severe and causes morbidity 
depends on the fate of the eggs which remain trapped in tissues of various organs in 
the body. It has been shown repeatedly that treatment with recommended drugs by 
WHO (anthelminthic drugs) reverses the morbidity resulting from infection with 
schistosomiasis (World Health Organisation, 2002a). Studies have shown that 
quantitative improvements in periportal fibrosis, hepatomegaly, and splenomegaly 
have been observed, as well as improvements in physical fitness, appetite, and 
school performance (Kimura et al., 1992, Terer et al., 2013). Further deterioration in 
iron status is prevented by treatment with anthelminthic drugs and iron 
supplementation improves reduced iron status (World Health Organisation, 2002a). 
However this reversal of effect of infection is not always guaranteed. 
 
Some studies suggest that schistosomiasis may play a role as a risk factor for HIV 
infection, and that helminth infections in general, negatively affect the immune 
system of HIV infected persons (Poggensee and Feldmeier, 2001). Studies done on 
older women have shown that symptoms similar to those of Sexually Transmitted 
Diseases (STDs) may actually be caused by schistosomiasis and may possibly be 
irreversible (Kjetland et al., 2005, Leutscher et al., 2008) since praziquantel only kills 
the worm but treatment has no effect on the lesions (Kjetland et al., 2008). 
 
Therefore it is assumed that by identifying the problem geographical areas, and 




generally thought that the sooner treatment is given, the higher the chances of 
reversing organ damage (World Health Organisation, 2002b). It has also been 
estimated that 16 million women will acquire the genital manifestations of S. 
haematobium infection and that, if cured, 120 000 new cases of HIV could be 
averted through regular praziquantel treatment (tablets used for the treatment of 
schistosomiasis) in the next decade (Feldmeier et al., 1994, Hotez et al., 2009) 
2.1.2 Children as Targets 
 
Intensity of infection with schistosomiasis (S. haematobium and S. mansoni) and Soil 
Transmitted Helminths (A. lumbricoides, T. trichuris and Hookworm spp.) generally 
peaks in school-going children (World Health Organisation, 2002a). Children have 
the highest prevalences and intensity of these infections and are also very 
vulnerable to the effects of worm infections (Saathoff et al., 2004a).  Dating  as far 
back as the 1920s it was recognised that high schistosomiasis prevalences and 
intensities were widespread in South Africa and that the disease produced ill-effects, 
particularly in children (Leipoldt, 1937). Surveys in the 1970s and 1980s by Schutte 
in KwaZulu-Natal and by Evans in Mpumalanga, revealed high infection rates for 
STHs with the result that the extent of the parasite burden on children living in rural 
areas of the country began to be appreciated (Schutte et al., 1977, Schutte et al., 
1981, Evans et al., 1987).  
 
More recent studies by Fincham and team have shown similarly high STH infection 
rates in the Western Cape (Fincham, 2001b, Fincham et al., 1996). In endemic 
areas, a pattern has been observed that most children are infected with two or more 
different species (Kvalsvig, 1994). Children are particularly vulnerable because they 




cause ascariasis, trichuriasis and hookworm, and are transmitted from person to 
person through contamination of the soil with human waste/faeces, children are 
frequently exposed to these infections. Schistosomiasis is transmitted through water 
contact in rivers and dams that have been polluted with urine and faeces. As a result 
children who play or wash clothes in rivers or fetch water will be at high risk and 
since these children are usually over six years of age, the highest intensity level is 
found between the ages of eight and fourteen years (Kvalsvig, 1994). 
 
At a symposium on schistosomiasis in 1934, Pijper gave an account of the clinical 
pathology of S. haematobium infection in both children and adults and (Kieser, 1934) 
described the deleterious effects of schistosomiasis on the performance of 
schoolchildren, and these reports were confirmed by previous findings (Loveridge et 
al., 1948, Muller et al., 2011). However, although many years have elapsed, the 
prevalence of schistosomiasis and other helminth problems in South African school 
children and cost-effective strategies for control and prevention are poorly 
understood (Voster et al., 1997). Surveys in KwaZulu-Natal by the PCP group 
revealed that schistosomiasis prevalence peaks at the ages of 10-15 years whereas 
STH infections peak at a slightly younger age, 5-10 years (Appleton and Kvalsvig, 
2006a). Worm burdens (intensities of infection) show a similar age/frequency 
distribution (Appleton and Kvalsvig, 2006a). 
2.1.3 Impact of helminth infections on children 
 
The burden of disease resulting from infection with soil transmitted helminths (A. 
lumbricoides, T. trichiura and the hookworms Necator americanus and Ancylostoma 
duodenale) has been calculated by classifying the spectrum of possible 




2002a). According to this WHO document, such classification is based on two worm 
burden thresholds – lower thresholds above which there are detrimental effects on 
physical fitness and school perfomance, which may be temporary or permanent, and 
a higher threshold above which there is a risk of clinically overt illness (World Health 
Organisation, 2002a). 
 
STH infections may cause malabsorption of nutrients, loss of appetite, discomfort 
and intestinal obstruction (ascariasis), and diarrhoea and Hookworm causes 
anaemia (Kvalsvig, 1994). They hinder physical (ascariasis) and intellectual 
development (hookworms) and impair school performance (trichuriasis) (Kvalsvig, 
1994, World Health Organisation, 2002a).  
 
According to studies on educational perfomance reported by WHO in Jamaican 
school children aged 9-12 years, absenteeism was more frequent among infected 
than uninfected children; the heavier the intensity of infection, the greater the 
absenteeism, to the extent that some infected children attended school for only half 
as much time as their uninfected peers (Nokes at al., 1992, World Health 
Organisation, 2002b). Studies done in Mpumalanga province and at Adams Mission 
in KwaZulu Natal province have shown that children’s activity levels increased after 
treatment for schistosomiasis and that the heavily infected children were found to be 
older for their class than lightly infected or uninfected children (Kvalsvig, 1994). 
In another study conducted on pre-schoolers in southern KwaZulu Natal, behavioural 
observations showed that children became more active, sociable and were happier 




2.2 Comparisons of prevalence of helminth infections (STHs) and 
schistosomiasis between Boys and Girls 
 
In studies by Adams and colleagues, the results for boys and girls were combined 
because gender did not influence the prevalence of Ascariasis and Trichuriasis 
significantly (Adams et al., 2005). In an unpublished study done in northern 
KwaZulu-Natal by Saarthoff et al., in 1999, males were about 30% less likely to be A. 
lumbricoides infected than females and they also had lower infection intensities. The 
prevalence of hookworm infections were slightly  (but nevertheless statistically 
significant) higher in male pupils and the prevalence of T. trichiura was nearly 
identical in the two groups (Saathoff et al., 2004a). 
 
Although girls swim less frequently after the age of 14 years (Wolmarans et al., 
2004), they are more likely than boys to be required to fetch water for household 
purposes (Hemson, 2007), thus they continue to be exposed to contaminated water 
even though they no longer swim (Appleton and Maden, 2012). 
 
A study in Kenya found that moderate and heavy intensities of infection with S. 
haematobium were more common in male pupils than in females; however after 
treatment the parasitological cure rates were not associated with gender or age 
(Midzi et al., 2008). 
  
Repeated treatment during childhood reduces the risk of urinary morbidity 
developing in adulthood, and may have long-term effects on re-infection intensities 
and the development of severe morbidities even in areas where control has been 




that repeated treatment for high-risk groups including women of child-bearing age be 
administered to reduce the risk of urogenital morbidity developing at a later stage. 
2.3 Findings from 1998 Parasite Control Programme (PCP) in Ugu 
District, KwaZulu-Natal 
 
Between the years 1998 – 2000, the KwaZulu Natal Department of Health initiated 
and implemented a Parasite Control Program (PCP) in KwaZulu-Natal and 
monitored the programme in the southern part of KwaZulu Natal province. Amongst 
other objectives it aimed at reducing the prevalence and intensity of common 
parasite infections in the province including soil transmitted helminths and 
schistosomiasis. The study in Ugu District included forty primary schools and 
recruited 798 pupils in 1998, (both boys and girls), 677 pupils in 1999, and 591 
pupils in the year 2000 (age range 5-17 years). Each pupil was interviewed and one 
stool sample collected, while two urine samples were collected over two consecutive 




The PCP study found prevalences of 20.2% S. haematobium, 63.0% Ascaris 
lumbricoides, 59.3% Trichuris trichiura, and 7.0% hookworm infection at baseline in 
1998. These pupils were treated that year and investigated again in 1999 after one 
round of treatment, when the prevalence was reduced to 12.1% for S. haematobium, 








The average mean egg count for S. haematobium was high (56.3, SD 270 
eggs/10ml urine) and after one round of treatment it improved and dropped to 29.6 
eggs/10ml urine. All three soil transmitted helminths that were investigated (A. 
lumbricoides, T. trichiura and Hookworm spp.) were light infections though there 
were few pupils that were moderately infected with all three of these helminths. In 
total 26.7% pupils had single infections with one of the three STHs found in the 
study, double infections were 43.1% and only 5.6% cases had triple geohelminth 
infection. 
2.3.3 Water Contact reported by pupils in PCP survey 
 
The majority of the pupils interviewed reported water contact, 70.0% agreed that 
they fetched water from the river, 51.1% played in the river, half swam in the river, 
49.3% washed clothes in the river and 12.6% had other water contact. These 
findings were also supported by Appleton and Maden when they noted that fetching 
water and washing clothes were among the most frequent domestic activities 
whereas playing and swimming in the  river were the most frequent recreational 
activities (Appleton and Maden, 2012). 
 
Most pupils investigated used river water for domestic purposes and another 28.3% 
used mixed (river and tap) water sources for domestic purposes and only 16.6% 
used clean tap water.  
 
For the purpose of our study we only analysed the results of female pupils aged 10-
12 years to compare with the current prevalence and intensity of helminth infections 




the PCP data that are therefore for female school children of 10-12 years of age 
(Table 16).  
2.4 Water and Sanitation in Ugu District 
 
Ugu district has thirteen water supply zones which supply the various clusters of the 
community within the district. According to the Ugu District Municipality sector wide 
infrastructure audit final report these supply zones were not always clearly definable 
(de Klerk et al., 2012). 
 





Sixteen of the total eighteen schools in our study were within the Bhobhoyi water 
supply zone, and two were within the Umtavuna water supply zone. Current 
consumption from the Bhobhoyi Water Works varies from 50Ml/d to 60Ml/d with the 
plant being rated at 54Ml/d. It is predicted that rapid growth of the surrounding rural 
areas of Bhobhoyi into peri-urban developments will see higher demands in the short 
term. Population figures for the whole district show that in 2005 the split between the 
rural and urban water use was in the order of 20% rural and 80% urban (de Klerk et 
al., 2012).  
 
Despite this, areas supplied by the Bhobhoyi water works normally experience water 
shortages during the holiday season (December and January) and this is most felt by 
communities from rural areas. A project has been set up to reduce water shortages 
through augmenting the Umzimkhulu Water scheme, as failure to do so results in 
various supply zones experiencing water shortages (Ugu District Municipality, 2011). 
Despite this, communities around these areas experience water cuts regularly which 
may last for an hour to several hours. During that time, mobile water tankers are 
called in to temporarily supply the affected communities.  
2.5 Accessibilty to Water by community of Ugu district 
 
In terms of the National Government’s definition of backlogs, households must have 
access to a formal water supply within 200 metres walking distance (Department of 
Water Affairs, 2013). This distance is used as a marker that defines whether the 
household does have a Reconstruction and Development Programme (RDP) service 
or not. The RDP is a socio-economic policy framework established by the 




communities with various basic services with the intention of improving their health, 
lifestyle and living conditions (Department of Water Affairs, 2013).  
 
Services such as water, sanitation (e.g. toilets), houses, roads, and electricity are 
some of the services that fall under the RDP. Houses within 200m walking distance 
from a formal water supply source were viewed as having access to RDP level of 
service. Houses between 200m and 800m walking distance from the water source 
were viewed as having reduced access to the required RDP level of service and 
those that were further away than 800m were considered to be without any water 
supply (Department of Water Affairs, 2013). 
 
Every household in the urban area of Ugu is fully serviced with water inside the 
house or in the yard. One in three households in Ugu still have difficulty accessing 
clean water, having to travel long distances to get water (Table 1). 
 












Total No of 




- - 172,114 
Informal Residential 
Upgrade 
- 2,219 (64%) 1,257 (36%) 3,476 
Linked Rural Upgrade 68,691 (37%) 73,590 (39%) 44,810 (24%) 187,091 
Good Access Rural 
Upgrade 
34,940 (23%) 45,553 (30%) 73,391 (47%) 153,884 
Limited Access Rural 
Upgrade 
26,993 (33%) 24,512 (30%) 31,256 (37%) 82,761 
Scattered 20,482 (19%) 26,692 (24%) 62,695 (57%) 109,870 
Total 323,222 172,566 213,410 709,197 





2.6 Sanitation status in Ugu 
 
Urban sanitation in Ugu is made up of a combination of waterborne sewerage linked 
to wastewater treatment works (WWTW) and a system of septic tanks. Waterbone 
sewerage coverage in formal urban areas has not yet reached 100% but ranges 
between 40% and 60%, with the exception of Gamalakhe which has sewerage 
coverage of 80%  Due to various economic activities such as tourism that take place 
in urban areas and surrounding suburbs, adequate provision of water and sanitation 
is required.  Backlogs in Ugu include maintenance challenges, and ensuring that one 
hundred percent waterbone sewerage coverage in households is achieved (Ugu 
District Municipality, 2011). 
2.6.1 Rural backlogs in Sanitation in Ugu District 
 
Rural sanitation has many challenges. There is no reliable data spatial or otherwise 
pertaining to either the location or age of Ventilated Improved Pit Latrine Toilets 
(VIPs) constructed within Ugu (Ugu District Municipality, 2011). Regardless of this, 
Ugu District has invested in the improvement of rural sanitation over the past decade 





Figure 2: Ventilated Pit Latrine toilet 
 
Houses in rural areas are supplied with VIP toilets by the municipality. These VIPs 
are much better than the long drop toilets that people build themselves, which are 
not safe, smell and are less hygienic. VIP toilets are made of a complete panel kit 
with a stainless steel or wooden door. They have a ventilated pit that comprises a 
ventilated pipe with cowl (Figure 2 above). A small survey (0.2% of total rural 
population) was carried out in 2010 by the municipality of Ugu district to better 
understand the status of rural sanitation within Ugu. 
 
The scope of the survey is summarised as follows: 
The number of households that were surveyed: 241 households (0.2%) of the 




average household occupancy (size) was seven people and the survey covered 
1674 people in these households. From this survey, all the houses had VIP toilets 
(76%), only 9% had water on site, and 65% had access to a basic level of water 
supply within 200m of the household. 
 
Table 2: Overall level of the sanitation service of the survey of Ugu household 
Type Percentage 
Ugu VIP 76% 
Informal Long Drop 22% 
None 2% 
 
The survey conducted shows that the majority of households had VIPs (Table 2). 
Only about half of these VIPs were in good condition, 29.0% were in a fair condition 
and 19.0% of them were full. Another striking setback facing the municipality is that 
toilet paper is supposed to be used in VIP toilets but the survey revealed that only 
12.0% used toilet paper and 88.0% used newspaper. As a result of this practice, 
toilets fill up fast, before the end of their lifespan. According to Ugu, findings from this 
survey suggested a backlog of 30.0% in the provision of water and proper sanitation 
in the district (Ugu District Municipality, 2011). 
 
This small survey of rural sanitation indicates that adequate sanitation is not 
available to many households in the Ugu District. 
2.6.2 Sanitation and Water in Schools 
 
Lack of access to clean water and proper sanitation may have an effect on school 




district have access to clean water on the school premises as well as clean toilet 
facilities, but from visits to the schools the study team discovered that water and 
sanitation were still a huge challenge in some schools. Schools that are located in 
the urban areas have better water and sanitation infrastructure than those located in 
the rural areas, partly due to the well developed facilities found in the coastal urban 
areas (Figure 3). All the urban schools in Ugu district have water closet toilet 
facilities. All rural and semi-rural schools in the district have ventilated improved pit 
latrine toilets but the condition of these toilets varies depending on how well they are 
maintained by the school authorities.   
2.7 Unemployment and income level in Ugu District  
 
Schistosomiasis and STH infections are prevalent especially amongst children from 
poor communities where employment levels are low (Egwunyenga and Ataikiru, 
2005, Hong et al., 2006). South Africa has a high rate of unemployment (Department 
of Public Works, 2011/2012). As a result, many households survive on a minimal 
income. 
According to verbal interviews conducted in July 2010 in Ugu District, the average 
household income was between R600 and R1000 per month in the rural and peri 
urban areas (de Klerk et al., 2012). Many households were supported through social 
government grants. 
2.8 Millenium Development Goals (MDGs) 
 
The Millenium Development Goals are eight goals signed by 189 member states of 
the United Nations in the year 2000, which range from halving extreme poverty to 




2015 (The General Assembly, 2000). These MDGs aim to advance poverty 
eradication and sustainable development, by rapidly increasing access to basic 
requirements such as clean water, energy, health care, food security and the 
protection of the bio-diversity (World Bank, 2003).  
 
Three of the eight MDGs are directly related to health (reducing child mortality, 
improving maternal health and combating HIV/AIDS, malaria and other diseases) 
(Travis et al., 2004). The United Nations Summit on Sustainable Development, held 
in Johannesburg, South Africa in 2002, revisited the targets set by the Millenium 
Declararion Goal with regard to safe water supply, and extended it to also include 
the provision of sanitation, to ensure that the population lacking safe drinking water 
is cut by half in 2015 (World Summit on Sustainable Development, 2002). The 
inclusion of safe drinking water and sanitation in the MDGs meant that the world 
community at large acknowledged the importance of these two health requirements 














Table 3: Contributions of Environmental Health to the UN MDGs (Lutchminarayan, 
2007) 
 UN MDGs Goals and Targets 
 
Environmental Health Inputs 
Goal 1  
Eradicate extreme poverty and hunger 
 
A healthy environment means healthy people, able to 
secure improved livelihoods and break the cycle of 
poverty and ill-health 
Goal 2  
Achieve universal primary education 
 
Freedom from diarrhoeal disease and other 
environmental health hazards will result in increased 
attendance and participation in school. School 
sanitation is an important determinant of girls´ 
attendance. 
Goal 3  
Promote gender equality and empower women. 
 
As the burden of environmental health risks falls 
disproportionately on women, effective interventions 
help to improve women’s lives and empower them 
through increased participation. 
Goal 4 
Reduce child mortality 
 
Appropriate environmental health interventions can 
significantly reduce the number of children under 5 
who die because of unsafe water, inadequate 
sanitation and poor hygiene. 
Goal 6 
Combat HIV/AIDS, malaria and other diseases 
 
Preventive environmental health measures are as 
important and at time more cost-effective than health 
treatments 
Goal 7 
Ensure environmental sustainability. 
Halve by 2015 the proportion of people without 
sustainable access to safe drinking water and 
sustainable sanitation. 
By 2020, to have achieved a significant 
improvement in the lives of at least 100 million 
slum dwellers. 
 
These goals are expressed in terms of 
environmental health improvements; 
environmental health measures such as provision 






Chapter Three: Materials and Methods 
3.1 Introduction 
 
The aim of the study was to investigate if the improved water and sanitation in Ugu 
District has reduced the prevalence and intensity of schistosomiasis and STH among 
pupils of school going age in Ugu district, KwaZulu – Natal, South Africa. The study 
commenced in February 2010 and was concluded in June 2011. 
3.2 Recruitment of Staff 
 
An experienced field supervisor was recruited to train, manage and oversee the 
collection of information and samples in the field. Due to the nature of the study, only 
females were recruited as research assistants. The team comprised of ten research 
assistants, a driver, data capturer and a lab manager (study PI). The whole team 
attended a two weeks intensive parasitology course which was given by an 
experienced parasitologist, Mrs Colleen Archer from University of KwaZulu-Natal. 
Even though all personnel in the team were taught microscopy and the method of 
identifying and counting parasite eggs and the recording of findings, only five were 
selected to examine samples at 10x magnification with a light microscope. Mrs 
Archer then monitored ten percent of the samples which were examined for quality 
control. 
3.3 Type of Research 
 




3.4 Study Design 
 
A descriptive cross sectional study design was used. 
3.5 Study Area 
 
The study was conducted in the Ugu District on the south coast of the province of 
KwaZulu-Natal, South Africa. This district has an area of 5866 km2  and is one of ten 
districts and one metropolitan area in the province of KwaZulu-Natal (Department of 
Provincial and Local Government, 2007; Ugu, 2008). The IsiZulu word “Ugu” means 
“coast”. The spatial pattern of Ugu District municipality resembles a “T” shape.  
Areas along the coast (which face the Indian Ocean, with a coastline of 112km) have 





Figure 3: Map of Ugu district’s water and sanitation infrastructural distribution in 





In contrast, the hinterland is characterized by poor infrastructural provision and high 
unemployment levels and the area selected was thus appropriate for the study (Ugu, 
2008). The biggest towns in the area are Port Shepstone and Margate, the latter 
being the most popular, which is also the tourism centre of the district (Ugu, 2008). 
Another town, Scottburgh is the third most popular tourist area in this district (Ugu, 
2008). Port Shepstone remains the major employment centre in the district (Ugu, 
2008). There are other rural towns which act as administrative centres in the rural 
areas. 
The infrastructural backlogs in the area are very high, and this adversely affects 
people from the rural communities in the hinterland (Department of Provincial and 
Local Government, 2007). There is a lack of access to economic opportunities and 
social services, and the unemployment level within Ugu District municipality is 
estimated at 30% (Department of Provincial and Local Government, 2007). The 
majority of the people are employed in the domestic and tourism industry, and on 
sugar-cane and banana farms in the area (Department of Provincial and Local 
Government, 2007; Ugu, 2008). The manufacturing sector also contributes a little to 
the development of the area but this is concentrated around Port Shepstone. 
Ugu district has six local municipalities (Figure 3 and 4) and 39 traditional authorities, 
and is a commercial and subsistence farming area that has seen major 
developments in the provision of sanitation and running water in recent years. 
Despite this, water and sanitation services do not reach all households and if they 
do, at times, are not always reliable, which result in some families resorting to usage 
of water from the nearby rivers and streams, bore-holes, wells and harvested rain 




Faecal disposal facilities for all the communities include water closets (flush) toilets, 
pit latrines (most common in rural areas as well as in the informal settlements and in 
townships) and open defecation (Ugu, 2008). The study area is defined as being 
within a 10-km distance from the sea, an area that is known to be endemic for 
schistosomiasis and soil-transmitted helminth infections (Saathoff et al., 2004b). With 
the exception of malaria, there has never been any statutory control programme for 
any parasitic disease in South Africa (Appleton and Kvalsvig, 2006b). The first pilot 
programme in the province of KwaZulu-Natal was between 1998-2000, which 
specifically targeted three common STHs, i.e. Trichuris trichiura (whipworm), Ascaris 
lumbricoides (roundworm) and Hookworm species, and Schistosomiasis 
haematobium (urogenital schistosomiasis) and Schistosoma mansoni (intestinal 
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Figure 4: Map of six municipalities in Ugu district, KwaZulu-Natal where this study was 





3.6 Study Population 
 
The study is part of a large Female Genital Schistosomiasis (FGS) cohort study 
taking place in Ugu district. (See also ethical considerations). The study population 
was females aged 10-12 years old, from primary schools that were randomly 
selected across Ugu District. These schools were randomised based on the distance 
from the coast (˂10km), using the altitude map to locate potential schools below 300 
metres since schistosomiasis prevalence decreases with increase in altitude 
(Appleton and Kvalsvig, 2006a). In total eighteen primary schools were included in 
the study. They are scattered in two different munipalities, i.e. Hibiscus and 
Umzumbe municipality (Figure 4). Seventeen of these schools are classified as rural 
and only one school, in the Hibiscus municipality, is classified as an urban school. 
3.7 Recruitment of Study Subjects 
3.7.1 Pupils 
 
All female pupils between 10-12 years at each primary school were invited to 
participate. Parents were informed about the study and its objectives at the schools’ 
parents meetings where representatives from the study explained clearly about the 
study. Parents were encouraged to ask questions and contact details for the study’s 
Principal Investigators (PI) were given so that they could freely access the study 








3.8 Study Sample 
 
The study sample consisted of 1100 school girls who were tested for the presence of 
soil transmitted helminths (Ascaris lumbricoides, Trichuris trichiura, Hookworm spp. 
and Taenia species) and urogenital (Schistosoma haematobium) and intestinal 
schistosomiasis (Schistosoma mansoni) ova.  
3.9 Exclusion Criteria 
 
School girls outside the age range, girls who did not give assent or whose parents 
did not give consent, or girls who were clinically ill were not included in the study. No 
pupils were from schools that were above 300 metres altitude. 
3.10 Data Collection 
 
Sample collection and analysis were done in two phases. First, the team went to 
participating schools in the mornings and interviewed selected pupils, and collected 
stool and urine samples. This took most of the morning. The team then transported 
the samples to the field laboratory where they were preserved and stored in 
appropriate conditions before examination under the microscope. 
3.10.1 Urine Collection, Packing and Transportation 
 
Three consecutive days’ urine samples were collected per participant though not all 
were able to give all three required samples. Each school was visited at least thrice. 
Clean honey jars (350 millilitres) prelabelled with the identity number given to each 
participant were used to collect urines between 10:00 and 14:00 hours each day.  
This urine was then packed into cooler boxes that were filled with ice-packs to 





3.10.2 Urine Examination Method and Parasitology 
 
At the laboratory, 2 x 10ml urine samples per participant (A and B sample) were 
preserved with 1ml (10:1) of 2% Merthiolate in 5% formalin solution (formaldehyde 
solution 38% w/v, Medicolab) and stored in a dark cabinet at cool temperatures. Ten 
percent of the samples were reserved for external quality control. Preservation of 
urine samples was done within five hours after collection. 
 
After preparation two different microscopists examined either slide A or B, for internal 
quality control purposes. The preserved urine sample (11ml) was then centrifuged at 
4000 revolutions per minute (RPM) for five minutes to collect the sediment at the 
bottom of the test tube. All the aliquot in the test tube was discarded. From the 
sediment, wet-smears were made on two or more slides per 10 ml of urine. The 
samples were then examined microscopically (10x magnification) for the presence of 
helminth eggs (Figure 14). If at least one helminth egg was seen under the 
microscope, that sample was then deemed positive (Berhe et al., 2004, Brouwer et 
al., 2004, Chiodini, 2005).  
 
All eggs were counted and the egg count was recorded in a record book (Figure 13). 
Dead or broken eggs were not counted. Intensity of schistosomiasis was expressed 
as the mean number of eggs per 10 ml of urine. If the slide was flooded with eggs 
such that it was impossible to do the egg count accurately, ten fields of view were 
randomly chosen and if all had more than ten eggs, that sample was then recorded 
as a high intensity sample with more than one thousand eggs (World Health 




All pupils found to be infected with schistosomiasis were offered treatment 
(praziquantel). We could not get treatment for STHs but advised those infected with 
STHs to visit their nearest health care centres for STH treatment. 
3.10.3 Stool Collection, Packing and Transportation 
 
One fresh stool sample was collected from each pupil. Samples were transferred 
from non-absorbent paper to 40ml specimen jars, which were pre-labelled (with 
permanent marker). Samples were then packed in cooler boxes with ice-packs and 
transported to the laboratory.  
3.10.4 Stool Examination and Parasitology 
 
Stool was preserved within five hours with 10% formalin solution and then stored at 
four degrees. Ten percent of the stools were chosen randomly and reserved for 
external quality control. Stool specimens were examined using the Kato-Katz thick 
smear procedure (Glinz et al., 2010). Briefly, a small amount of stool was collected 
and sieved through a fine screen to fill a hole of a metal template (25mg). The stool 
on the slide was covered with cellophane that had been pre-soaked in glycerol and 
malachite green solution, then pressed against a hard surface so that the stool could 
spread evenly on the slide, and was left for clarification for 30 minutes.  
 
The slide was then scanned under a light microscope at the low ten times 
magnification. Two slides (A and B) were made from each stool specimen following 
the same method as described above. Two different microscopists examined either 
slide A or B, for internal control purposes, and eggs were counted from the whole 
slide. If one egg was found then that stool sample was deemed positive for that 




of eggs per smear (25mg). Multiplication by a factor of 40 (for 25mg template) then 
gives the number of eggs per gram of stool (EPG) (Glinz et al., 2010).  
 









A. lumbricoides 1 – 4999 eggs/gram 
of stool 
5000 – 49 000 
eggs/gram of stool 
≥ 50 000 eggs/gram 
of stool 
T. trichiura 1 – 999 eggs/gram of 
stool 
1000 – 9 999 
eggs/gram of stool 
≥ 10 000 eggs/gram 
of stool 
S. haematobium < 50 eggs/10 ml of 
urine 
 ≥ 50 eggs/10 ml 
urine 
 
For both urinary and stool analysis, WHO guidelines of rating intensity were used to 
classify level of intensity of pupils (Table 4). 
3.11 Water and Sanitation in the study area 
 
Information related to household coverage, type and availability of water and 
sanitation infrastructure was sourced from the annual reports and archives in the 
Ugu District Municipality offices. Data were collected from these archives from the 
year 2005. A semi-structured questionnaire (Appendix 8) on the water, sanitation 
and development projects in Ugu District wards was administered to all 15 ward 
councillors from the areas around the 18 included schools. Three of these ward 
councillors had two of the included schools in their wards. The information was 
recorded, transcribed and entered into SPSS Software Package 18. 
3.12 Water contact information – Questionnaires 
 
Demographic information was collected through individual interviews with each child 
at school by trained research assistants. The questionnaire had been translated from 
English to IsiZulu, back-translated and also piloted in three schools not in the study 




used for drinking and other household purposes, type of water used for laundry and 
how often the child swam in the river and child’s hygiene practices, were collected. A 
history of symptoms for bilharzia was investigated and whether the child had 
previously been treated for bilharzia. 
3.13 Data Management 
 
Data from the questionnaires (using the study number and not pupils’names) as well 
as the laboratory results were captured on Epidata (questionnaires) and Excel 
(laboratory data) and double entry was done electronically. The questionnaires were 
entered and hard copies were locked away safely and kept in line with the ethics’ 
guidelines to ensure the confidentiality of the participants. The electronic data on the 
computers were password protected and only a few persons (PI and supervisors) 
had access to this. Names and other information were kept in separate sites (see 
ethics). 
3.14 Comparison of data from 1998 and 2010 
 
A study was carried out in Ugu district from 1998 to 2000 by the Parasite Control 
Programme (PCP) group. Findings from that study were used to compare with the 
findings from this child cohort study of 2010. The PCP study included both boys and 
girls between the ages of five to seventeen years. Forty schools were included in the 
PCP study as compared to eighteen schools in the 2010 study. Only two of the same 
schools were investigated in both studies. The amount of urine and stool samples 
collected from participants who participated in the PCP study (one stool and two 




analysed similarly. Also similar questions were asked of pupils in both studies 
concerning water contact and bilharzia symptoms.  
 
The unpublished dataset from PCP was obtained from the study PI and permission 
was obtained to analyse and use the findings (Appendix 9). Prevalences and 
intensities of different helminth infections reported by the PCP study were calculated 
for 10-12 year old female pupils and compared. The responses from the water 
contact questions from pupils (2010) were also compared with the PCP study data 
for Ugu District. The similarities and contrasts between the two studies (1998 and 
2010) are reported in the results and discussed with reference to the reported 
changes in water and sanitation service provision in Ugu regarding the prevalence 
and intensity of schistosomiasis and STHs. 
3.15 Data Analysis 
 
The prevalence and intensity of the helminth infections were analysed using 
univariate analysis. All data were entered and analysed using Statistical Programme 
for Social Sciences version 18 (SPSS 18) statistical package.  
A chi-square (2) test was used to analyze correlations between prevalence of 
schistosomiasis and factors such as knowledge about schistosomiasis; red urine; 
dysuria and for analyzing correlations between different helminth infections. A          







3.16 Ethical Considerations  
 
This study drew from a larger project that has been granted 
permission by four committees: the Biomedical Research Ethics Committee (BREC), 
University of KwaZulu-Natal KZN on February 20th 2011 (Ref BF029/07) (Appendix 
3), the Department of Health, Pietermaritzburg, KZN, February 3rd 2009 (Ref 
HRKM010-08), the Norwegian ethics committee, Regional Etisk Komité Øst-Norge 
(REK-Øst), gave ethical clearance September 17th 2007 (Ref 469-
07066a1.2007.535) and The European Group on Ethics in Science and New 
Technologies in 2011 (Ref IRSES-2010:269245). BREC extended permission for this 
particular study to be conducted, REF: BE005/12 (Appendices 7 and 8). The 
Department of Health and Education in Ugu district, KwaZulu-Natal and the 
provincial Department of Education have also given permission (see appendices).  
 
Consent forms were handed directly to parents or children took them home for 
signatures (Appendices 9 and 10, in English and Zulu respectively). Permission was 
given by principals and at parents’ meetings. Inclusion in the study took place after 
individual informed written consent was obtained from a parent or guardian of the 
child and assent from the child. Therefore all study participants were only recruited 
into the study once a consent form was received from parents. All subjects found 
positive for urinary and intestinal schistosomiasis were treated and soil transmitted 







Chapter Four: Results 
4.1 Introduction 
 
This section provides a demographic profile of the study sample and the prevalence 
and intensity of schistosomiasis and soil transmitted helminths found, i.e. S. 
haematobium, A. lumbricoides and T. trichiura. This section also reports on different 
types of water contact reported by pupils from the eighteen different schools in the 
study sample.  The ward councillors’ reports of the current conditions concerning 
acess to water and sanitation in the communities surrounding these schools are also 
presented. 
4.2 Description of Study Sample 
 
Of 1948 eligible girls from 18 randomly selected primary schools, 1241 (63.7%) 
consented to participate in the study but only 1057 of those were interviewed. 
Although parental consent was provided, 14.8% (n=184) children did not attend 
school on the days that the interviews were conducted. Participants (n=1044) were 
within the age group of 10-12 years, but five were nine years old and six were older 
than 12 years. In order to categorise the age groups, the five pupils that were 9 
years were grouped with the 10 year olds and the six pupils that were 13 years of 
age were grouped with the 12 year olds for the analysis. The mean age was 11.1 











Table 5: Descriptive information on the pupils aged 10-12 years old (females) from 18 
Ugu primary schools, N=1057 
Responses by pupils n 
Age (years) 
10 to 12 
School Grade (n=1010) 
1 to 3 67 6.6% 
4 to 7 943 93.4% 
Primary guardian’s 
relationship to child 
(n=1023) 
Father 34           3.3% 
Mother 672                                  65.7% 
Other 317 31.0% 
Sex of primary guardian 
(n=1023) 
Male 42 4.1% 
Female 981 95.9% 








Ever lived in city 
(n=1014) 
No 938 92.5% 
Yes 69 6.8% 
Do not know 7 0.7% 
 
 
Even though 1057 pupils were interviewed, some information was missing from the 
questionnaire and the number of pupils who responded to various questions asked 
varied as a result. A third of the pupils, 34.6% (349/1010), were doing grade five, 
with fewer in grades four, 19.5% (199/1009) and six, 25.5% (257/1010). Most of the 
pupils (95.9%) had females as their first guardian. Of these over half of the pupils, 
65.7% (672/1023) had their mothers as their first guardians, and 15.1% (n=155) and 
10.7% (n=109) pupils, had grandmothers and aunts as first guardians although a few 
had stepmothers or their sisters as their first guardians. Few pupils had ever lived in 







4.3 Sample Analysis of Schistosomiasis and Soil Transmitted 
Helminths 
4.3.1 Analysis of urine samples for Schistosomiasis 
 
Pupils were requested to provide three consecutive days urine, but not all were able 
to give all three urines. Some pupils gave one and two urines only. Of the pupils, 970 
gave at least one urine sample eligible for analyses. A total of 791 pupils gave all the 
required three urines (Table 6).  
Table 6: Prevalence and intensity of S. haematobium per amount of urines collected per 
study subject 
Number of urine 
samples collected 
Prevalence % (n) of S. 
haematobium 
Mean Intensity in 
eggs/10ml (SD) of S. 
haematobium 
Pupils (n=29) providing 
one urine sample  
24.1 (7) 10.6 (43.9) 
Pupils (n=150) providing 
two urine samples  
24.0 (36) 18.3 (60.1) 
Pupils (n=791) providing 
three urine samples 
34.0 (269) 9.6 (32.4) 
Total urine samples 
(n=970) 
32.2 (312) 16.7 (56.7) 
 
The proportion of pupils found to be infected with S. haematobium was 32.2% 
(95%CI 30.1%-37.4%) for three samples, (Table 7). Schools (A-N) were 
anonymised.  Schools are listed in the order that they were visited by our field team 
from the beginning (February) till the end of the year (October). The distribution of 
the schools was amongst fifteen different community wards. All investigated schools 
were in different community wards, except schools A, B and D that were in the same 
ward 22. Schools H and L also shared the same ward 24. Most schools (16) were in 
Hibiscus Municipality, except schools N and R that were in Umzumbe Municipality. 
Schistosomiasis was endemic in all the schools with some schools having a 




One third of the investigated schools were found to have schistosomiasis 
prevalences above 40.0% ranging from 40.0 to 66.7% (Table 7).  
Table 7: Prevalence and intensity (95% CI) of S. haematobium amongst pupils attending 
18 KwaZulu Natal primary schools 
Prevalence 
Prevalence (%) of  
S. haematobium (95% CI) 
n = 1035 





32.2 (29.3 – 35.2) 17 (56.4) 
School A (n = 100) 43.9 (33.0 – 56.0) 19 (47.4) 
 
School B (n = 71) 
 
40.0 (25.0 – 56.0) 
7 (12.57) 
 
School C (n = 37) 
 
50.0 (27.0 – 73.0) 
23 (38.05) 
 
School D (n =114) 
 
38.0 (26.0 – 52.0) 
31 (81.64) 
 
School E (n = 11) 
 
20.0 (3.6 – 62.0) 
1 (3.71) 
 
School F (n = 50) 
 
20.5 (11.0 – 35.0) 
47 (121.17) 
 
School G (n = 37) 
 
36.0 (20.0 – 55.0) 
11 (46.18) 
 
School H (n = 101) 
 
46.6 (36.0 – 57.0) 
30 (70.52) 
 
School I (n = 44) 
 
47.5 (33.0 – 62.0) 
40 (98.00) 
 
School J (n = 46) 
 
53.8 (39.0 – 68.0) 
32 (66.61) 
 
School K (n = 172) 
 
10.8 (7.0 – 16.0) 
4 (16.86) 
 
School L (n = 77) 
 
17.0 (9.2 – 29.0) 
4 (11.17) 
 
School M (n = 63) 
 
7.7 (2.6 – 20.0) 
3 (12.90) 
 
School N* (n = 34) 
 
12.9 (5.1 – 29.0) 
7 (20.38) 
 
School O* (n = 22) 
 
10.0 (2.8 – 30.0) 
0.44 (1.27) 
 
School P* (n = 7) 
 
25.0 (4.6 – 70.0) 
54 (99.56) 
 
School Q* (n = 42) 
 
8.8 (3.0 – 23.0) 
0.86 (0.30) 
 
School R* (n = 7) 
 
66.7 (35.9 – 91.8) 
14.8 (17.17) 
*The last five schools had a low number of pupils as these schools were affected by the teachers’ 
strike (2010) and were as a result visited during the time teachers were trying to catch up the lost time 





The overall mean intensity (including those not infected) of S. haematobium was 
found to be 17 eggs/10ml of urine (SD56.4) of which a total of 71.8% (224/312)  of 
infected pupils had low intensity of infection varying from 0.86 to 47 eggs/10 ml urine 
and 8.9% (87/312) had high intensity of infection. Only one school (n = 7) had high 
intensity for schistosomiasis (54 eggs/10ml of urine) and the rest of schools had 
varying intensities of low infection. There was a significant difference (p<0.05) in the 
intensity of infection with schistosomiasis between schools. 
4.3.2 Analysis of stool sample for S. mansoni and STHs (A. lumbricoides, T. 
trichiura, Hookworm spp. and Taenia spp.) 
 
4.3.2.1 Prevalence 
Eighty one percent, (853/1057) pupils in total gave a stool sample. From the single 
stool sample collected from each participant, only A. lumbricoides and T. trichiura 
(Table 7) were found in this population. No Hookworm spp and Taenia spp. were 
found in this sample. For T. trichiura and A. lumbricoides, n = 221 (25.9%) and n = 
209 (24.5%) were infected respectively. None of the schools had STHs prevalence 
above 50.0%. Although the prevalence levels of A. lumbricoides and T. trichiura 
were similar, the difference (1.4%) in the prevalence of infection, was statistically 
significant (p<0.01). Ten of the schools had A. lumbricoides and T. trichiura 











Table 8: Prevalence (95% CI) of A. lumbricoides and T. trichiura amongst pupils 
attending 18 KwaZulu-Natal primary schools. 
Prevalence 
Prevalence (%) of  
A. lumbrocoides (95% 
CI) 
Prevalence (%) of  




24.5 (22.0 – 27.0) 
n = 853 
25.9 (23.0 – 29.0) 
n = 853 
School A (n = 100) 34.5 (25.0 – 45.0) 41.7 (32.0 – 52.0) 
 
School B (n = 71) 
 
32.0 (14.0 – 33.0) 
 
28.0 (1.2 – 30.0) 
 
School C (n = 37) 
 
40.0 (22.0 – 61.0) 
 
25.0 (5.9 – 28.0) 
 
School D (n =114) 
 
25.8 (17.0 – 38.0) 
 
48.4 (36.0 – 61.0) 
 
School E (n = 11) 
 
11.1 (1.9 – 43.0) 
 
22.2 (6.3 – 55.0) 
 
School F (n = 50) 
 
25.0 (15.0 – 39.0) 
 
27.1 (17.0 – 41.0) 
 
School G (n = 37) 
 
18.8 (8.9 – 35.0) 
 
18.8 (8.9 – 39.0) 
 
School H (n = 101) 
 
24.4 (16.0 – 35.0) 
 
36.6 (27.0 – 47.0) 
 
School I (n = 44) 
 
36.6 (24.0 – 52.0) 
 
29.3 (18.0 – 44.0) 
 
School J (n = 46) 
 
37.8 (25.0 – 52.0) 
 
46.7 (33 – 61.0) 
 
School K (n = 172) 
 
18.6 (14.0 – 26.0) 
 
16.0 (12.0 – 23.0) 
 
School L (n = 77) 
 
19.1 (11.0 – 30.0) 
 
20.6 (13.0 – 32.0) 
 
School M (n = 63) 
 
27.1 (17.0 – 40.0) 
 
13.6 (7.0 – 24.0) 
 
School N* (n = 34) 
 
20.0 (9.5 – 37.0) 
 
16.7 (14.0 – 44.0) 
 
School O* (n = 22) 
 
15.0 (5.2 – 36.0) 
 
5.0 (0.89 – 24.0) 
 
School P* (n = 7) 
 
16.7 (3.0 – 56.0) 
 
0.0 (0.0 – 3.9) 
 
School Q* (n = 42) 
 
0.0 (0.0 – 10.0) 
 
0.0 (0.0 – 10.0) 
 
School R* (n = 7) 
 
14.3 (2.6 – 51.0) 
 
0.0 (0.0 – 35.0) 
*The last five schools had a low number of pupils as these schools were affected by the teachers’ 
strike (2010) and were as a result visited during the time teachers were trying to catch up the lost time 
and also preparing for end of year exam. 
 
Fifteen of the schools had pupils with both ascariasis and trichiurasis infections and 




(p<0.05) association between the prevalence of T. trichiura and S. haematobium. 
There was no significant association between A. lumbricoides and the other two 
helminth infections (T. trichiura and S. haematobium). One school did not have 
pupils with any STH infection (Table 8). Differences in infections between schools 
were significant (p<0.01) for all infections found. Mzumbe municipality had 
significantly (p<0.05) higher prevalence than Hibiscus municipality for all the 
infections found (Figure 5). 
 
  
Figure 5: Comparison of prevalence of A. lumbricoides, T. trichiura and S. haematobium 
with 95% confident intervals per municipality (Umzumbe and Hibiscus Coast 









4.3.2.2 Intensity of STH infections 
 
The total number of pupils providing urine samples (n=970) differed from those 
providing stools (n=853). The overall mean intensity of infection of A. lumbricoides 
was 4110 eggs/gram of stool, n=14 (6.6%) of the cases had a high intensity of 
infection and n=132 (62.6%) were moderately infected.  
 
An intensity of infection of 146 eggs/gram of stool was found for T. trichiura. This 
helminth species was the least intense infection of the three helminths in this 
population with only 24 (10.4%) cases found with moderate intensity of infection and 
just one case (0.4%) that had high intensity and n=205 (89.1%) cases of the n=230 
infected were found to have low intensity of infection. The burden of ascariasis and 
schistosomiasis varied per school from those with a low mean intensity (210 epg) to 
moderate infection (9689 eggs/gram), whereas for trichuriasis the intensity of 





























Table 9: Intensity (eggs/gram) per school of A. lumbricoides, T. trichiura amongst pupils 
attending 18 KwaZulu-Natal primary schools 
School ID (n) A. lumbricoides 
eggs/gram (SD) 




 4110 (14841.1)  146 (641.9) 
A (100) 4956 (12 403.22) 188 (411.53) 
B (71) 9640 (26182.26) 139 (350.80) 
C (37) 7091 (17274.20) 49 (88.82) 
D (114) 9689 (37928.90) 141 (449.47) 
E (11) 1951 (5853.33) 102 (246.46) 
F (50) 2762 (6142.97) 140 (554.62) 
G (37) 2380 (5928.55) 231 (1006.76) 
H (101) 2229 (5490.39) 319 (1305.65) 
I (44) 5197 (8408.75) 41 (82.27) 
J (46) 5635 (8569.22) 253 (791.30) 
K (172) 2239 (5684.51) 116 (602.58) 
L (77) 2691 (6386.70) 85 (208.44) 
M (63) 4446 (8127.18) 133 (535.37) 
N* (34) 1726 (4775.06) 197 (967.81) 
O* (22) 2097 (5811.56) 17 (76.03) 
P* (7) 210 (514.39) 0 (0) 
Q* (42) 0 (0) 0 (0) 
R* (7) 2857 (7559.29) 0 (0) 
*The last five schools had low number of pupils as these schools were affected by the teachers strike 
(2010) and were as a result visited during the time teachers were trying to catch up the lost time and 
also preparing for end of year exam 
4.4 Multiple helminth infections 
4.4.1 Prevalence 
There were n=116 (13.5%) cases of double infection of ascariasis and trichuriasis 
found, where pupils were infected with both STHs. Another n=85 (10.0%) pupils 
were found to be infected with both T. trichiura and S. haematobium (Table 10) and 
they had moderate to high intensity of infection. There were n=69 (8.0%) pupils 
reported to be infected with both S. haematobium and A. lumbricoides and these 




n=44 (5.2%) pupils were infected with all three helminths, S. haematobium, A. 
lumbricoides and T. trichiura. None of these individuals were lightly infected. The T. 
trichiuris and A. lumbricoides infection intensity and that of S. haematobium were 
high (Table 10).  
 
Table 10: Intensity of infection amongst dual and triple infected pupils from 18 Ugu 
district primary schools (n=1044) 
Type of infection n Mean Intensity (±SD) 
Dual infection: 
 
T. trichiura 116 619.35 eggs/gram 1250.31 




Dual infection:  
T. trichiura 85 440.80 eggs/gram 843.68 
S. haematobium 85 81.47 eggs/10 ml 116.98 
Dual infection:  
S. haematobium 69 70.14 eggs/10 ml 70.13 




Triple infection:  
S. haematobium 44 90 eggs/10 ml 116.55 
A. lumbricoides 44 17819 eggs/gram 18456.25 










4.4.2 Intensity among those with multiple helminth infections 
S. haematobium was found to be at high levels of intensity (60 eggs/10ml urine) 
amongst 27.9% of infected pupils. Overall moderate intensity levels of infection of T. 
trichiura and A. lumbricoides were found amongst those infected. 
Table 11: Mean intensity (epg) of S. haematobium, A. lumbricoides and T. trichiura 
amongst pupils at the 18 Ugu schools 





















of pupils at 
18 schools 














Investigating whether particular schools were at high risk, it was found that schools 
A, H, D, I and K had the most pupils with dual infection and then schools I (Table 
12). In total, 14 schools (77.8%) had multiple infections. These schools were located 















Table 12: Number of cases of pupils per school with different multiple helmith 
infections (dual and triple infections)  
 
 
School name (ID) 
and n 
Double Infections Triple Infection 
 
A. lumbricoides 
and T. trichiura 
 









  A (100) 22 17 16 13 
   B (71) 8 3 4 2 
  C (37)  2 2 2 - 
 D (114) 13 18 3 6 
E (11) 1 - - - 
F (50) 7 3 3 2 
G (37) 2 2 1 1 
H (101) 14 18 8 7 
I (44) 8 6 8 5 
J (46) 10 13 11 7 
K (172) 14 1 4 - 
L (77) 8 2 2 1 
M (63) 4 - - - 
N* (34) 3 - 1 - 
O* (22) - - - - 
P* (7)  - - - - 
Q* (42) - - - - 








4.5 Factors influencing helminth infection 
4.5.1 Reported water contact by pupils 
The majority of the pupils reported that at home they use a standpipe or communal 
standpipe that the municipality provided (Figure 6). A very small fraction (2%) 
reported that they rely on the river as a source of drinking water. S. haematobium 
infection was significantly associated with the source of drinking water (p˂0.05).  
However, 12.4% (n=26) and 83.7% (n=175) of infected pupils who drank water from 
an indoor tap, or a standpipe/communal standpipe, were respectively found to be 
positive for S. haematobium. This indicates that pupils with indoor tap are less at risk 
of getting infected than those who rely on communal standpipes. 
 
 







4.5.2 Association between reported water contact and prevalence of S. 
haematobium infection 
 
Most pupils reported that they neither swim (n=770) nor play in the river (n=691), for 
the latter see (Table 13). There was also little laundry activity in the rivers reported 
by these pupils. The majority of pupils reported that they did not bath (n=681), wash 
clothes (n=600) or wash blankets (n=744) in the river. All these activities were 
however significantly associated with S. haematobium infection (p0.05). Few pupils 
collected water from the river and a small number reported that they cross a river 
regularly. None of the pupils (n=1010) reported fishing in rivers. However, 18.3% (55 
of 307) of the pupils who denied water contact were found to have bilharzia. 
 









(n) Daily % (n) 
*Play (n=1024) 67.5 (691) 12.5 (128) 13.6 (139) 6.1 (62) 0.4 (4) 
*Wash/bath 
(n=1023) 
66.6 (681) 8.0 (82) 9.3 (95) 4.1 (42) 12.0 (123) 
*Laundry 
(n=1023) 




72.8 (744) 10.1 (103) 11.4 (116) 5.8 (59) 0.0 (0) 
Collect Water 
(n=1023) 
73.4 (751) 7.5 (77) 7.1 (73) 4.0 (41) 7.9 (81) 










4.6 Municipal councillors’ reports of water access within 200m from 
households and the availability of VIP toilets per household in 
communities surrounding participating schools 
 
The 18 schools were represented by 15 ward councillors, three of whom were from 
the Umzumbe Municipality and the rest from the Hibiscus Coast Municipality. Two 
councillors each had two participating schools in their ward while the rest had one 
participating school. All the interviewed councillors (n=15) reported that there has 
been an improvement over the past five years regarding the infrastructural facilities 
in their communities. Installation of Ventilation Improved Pit (VIP) toilets was 
reported to be a major challenge when compared to water installation projects in 
their communities. None of the councillors said they had 100% household VIP 
coverage in their communities. 
 
4.6.1 Reported water access by municipal councillors 
 
All municipal ward councillors (n=15) reported that there had been a positive change 
in the provision of water to communities surrounding the 18 Ugu schools compared 
to five years previously. More than half of the councillors reported that everyone in 
their communities had water access within 200m from their households (Figure 7) 
and that most pupils had the use of clean water at home. It was also established 
through interviews with the community ward councillors that some people within their 
communities still do use rivers and streams for bathing/laundry, or washing blankets 
as it is believed that by using rivers ensures that the above-mentioned activities are 
done thoroughly. This still happens despite people having access to water within 
200m and according to ward councillors, it was elderly people who still held firmly to 





Figure 7: Councillors (n=15) reporting change in water access within 200m in 
communities in areas surrounding schools in the study 
 
4.6.2 Reported improved sanitation by municipal councillors 
Although pupils were not asked about sanitation conditions in their households, all 
fifteen ward councillors reported that toilet installation in households in their 
respective communities was a challenge. One councillor reported that every 
household in his community had a Ventilated Improved Pit (VIP) toilet five years ago 
but this has since changed because the population has increased. Two-thirds of the 
interviewed councillors reported that about 75.0% of households in their communities 
had VIP toilets (Figure 8). All ward councillors reported that there has been an 
increase in the number of households with VIP toilets now compared to five years 





Figure 8: Councillors (n=15) reporting percentage change over five years in households 






















4.7 Association between knowledge of bilharzia and prevalence of S. 
haematobium infection 
 
The majority of the pupils (57.6%) responded that they knew what bilharzia is 
(Isichenene in the Zulu language), and described bilharzia as red urine or when 
someone`s urine has blood in it. More than half of the pupils reporting previous 
schistosomiasis infection had been treated for bilharzia before and as can be seen in 
Table 13; both these factors were significantly associated with currently having S. 
haematobium infection, (p0.05).  
 
Table 14: Pupils knowledge and reported history of S. haematobium 
Question (N)  Response n  % 
*Know what 










*•History of bilharzia 


































significant for S. haematobium and T. trichiura (p<0.05) 
 
A significant association (p<0.05) was found between those who reported knowing 
what bilharzia is and having S. haematobium infection and 63.5% (195/307) of these 
pupils tested positive for S. haematobium infection. Of pupils who had been treated 
for bilharzia before, 44.9% (40/89) were found to have been re-infected. A 
statistically significant relationship was observed between infection with 






Table 15: Pupils’ response to possible indicators associated with S. haematobium 
infection 
Question (N)  Percentage Positive 
*Dysuria ever (1020)  22.2 
   
*Red urine ever (1023)  17.8 




   
*Any water contact 
(1057) 
 63.1 
   
*Variable significantly associated with S. haematobium infection (p<0.05) 
 
Of the pupils who were previously infected with bilharzia 62.9% (132/306) tested 
positive for bilharzia in our study. About one fifth of the interviewed pupils reported a 
history of bilharzia symptoms and almost half reporting untreated bilharzia (Table 
14). 
 
Table 16: Comparisons of Prevalence and Intensity of Helminth Infections and Water 










1998; n = 398 2010; n = 1057 























Percentage (CI, 95%) 
Water Contact 
Fetch water from river 
Wash clothes in the 
river 
Swim in the river 
Play in the river 


















A total of 398 female pupils aged 10-12 were investigated in 1998. Prevalence of S. 
haematobium was high in 2010 compared to 1998 but prevalences of A. 
lumbricoides and T. trichiura were lower in 2010 compared to 1998. However, the 
intensity of S. haematobium was lower in 2010 and the intensity of the STHs was 


















Chapter Five: Discussion 
5.1 Prevalence of helminth infections 
 
A third of pupils investigated tested positive for S. haematobium infection. A quarter 
also tested positive for the STHs, T. trichiura and almost a quarter were infected with 
A. lumbricoides. Ten percent were infected with both STHs. No other STHs were 
found in the study. Few pupils had high intensity of infection for the three helmiths 
found with the majority found to have light and moderate intensity of infection. Soil 
transmitted helminths (two) found in our study were less prevalent than those found 
in the PCP study (three), since no Hookworm ssp. was found in our study. The 
prevalence of A. lumbricoides and T. trichiura prevalences has decreased by more 
than half but for S. haematobium the prevalence was found to have increased when 
compared with the 1998 PCP study. Water and sanitation status in the surrounding 
communities had improved as more households had easy access to safe water and 
VIP toilets. These helminth infections can cause short and long term health problems 
and with the current available treatment options, this needs to be addressed. 
 
An insignificant variation in helminth infections between the schools investigated was 
seen. A total of 970 pupils provided urines and three urine samples were collected 
from each of 791 pupils. The high variability of multiple S. haematobium counts 
makes single egg counts a less than optimal tool for estimating total prevalence and 
for identifying the infection status of individuals (Savioli et al., 1990, Saathoff et al., 
2004b). The prevalence amongst pupils who gave all three urines (32.2%) for 
schistosomiasis was similar to the overall prevalence for all urines collected (n=970). 




samples and about a quarter of these were infected with each of the STHs (T. 
trichiura and A. lumbricoides respectively). No other helminths were found in the 
study. 
 
There has been a decrease in the prevalence of STH infections since the 1998 
Parasite Control Programme (PCP) study where A. lumbricoides and T. trichiura 
were reported to be 62.4% and 58.6% respectively whereas S. haematobium had 
increased from 14.9% in 1998 to 32.2% in 2010 (Kvalsvig et al., 2001). Temperature, 
dryness and UltraViolet (UV) light are the main factors that can influence death of 
helminth eggs (Maya et al., 2012). Ugu district has not been faced with drought in 
recent years but there has been an attempt to improve water and sanitation facilities 
at household level which may have contributed towards a reduction in the 
prevalence of helminth infections (Ugu District Municipality, 2011). 
 
Cases of high STH prevalence have been reported in South Africa for decades. An 
A. lumbricoides prevalence of 70.0% was noted among children in Cape Town 
attending the outpatients department of the Red Cross War Memorial Children’s 
Hospital (Louw, 1966), while a survey of inpatients at King Edward VIII Hospital in 
Durban yielded 80.0% positive for helminths (Adeloye, 1987), and a survey among 
Cape school children in the Tygerberg area showed a prevalence of 96.0% (Burger, 
1968).  
 
Also studies conducted in other parts of the province of KwaZulu-Natal in the past 
have reported higher prevalences than those the current study found. A study done 




infection of 68.0% (Saathoff et al., 2004b), and 59.8% pupils were infected with T. 
trichiura and a lower 22.0% were found to be infected with A. lumbricoides (Saathoff 
et al., 2004a). In another study that investigated the prevalence of ascaris and other 
helminths in children attending a rural Natal hospital and its referring clinic, 38.0% 
and 22.0% were found to be positive for A. lumbricoides and T. trichiura respectively 
(Bradley and Buch, 1994). Whilst these findings from the past studies show us that 
the problem of helminths has been present for some time in the province of KwaZulu 
Natal, they also show us that S. haematobium, A. lumbricoides and T. trichiura are 
co-endemic in many regions of the province 
5.2 Effects of Helminths 
Haematuria (blood in urine) was the most popularly known symptom of S. 
haematobium infection as where ever we visited to raise awareness, pupils’ 
exclusively associated red urine with S. haematobium infection. Some pupils also 
reported dysuria (pain when urinating) as one other common symptom of bilharzia. 
Few pupils were aware of other symptoms associated with bilharzia or STHs in 
general. Schistosomiasis in children can result in anaemia, stunting and reduced 
ability to learn (World Health Organisation, 2002a) hence our study focussed on 
school aged pupils to identify and assist in solving the problem.  
 
These problems can be reversed by administering recommended treatment 
(Praziquantel) in correct dose (40mg/kg), however if untreated, the damages caused 
cannot be reversed even though egg deposition can be reduced significantly. 
Urogenital schistosomiasis can result in bladder and ureter, and kidney damages 
which are often diagnosed at later stages of infection. Bladder cancer is another 




genital lesions, vaginal bleeding and pain during sexual intercourse (Wright et al., 
1982, Kjetland et al., 2006a). 
 
Males also do suffer immensely from infection if they are not treated. Urogenital 
schistosomiasis infection can induce pathology of seminal vesicles, prostate and of 
other organs and may have long-term irreversible effects consequences, including 
infertility (Center for Disease Control and Prevention, 1994).  
5.3 Infection Reduction 
 
In coastal Kenya, age stratified analysis (less than 12 years) showed that overall 
children in the older (12-20 years) age groups had less infection than those in the 
younger (5-11 years) age groups, although at the outset of the program in 1984, the 
older children had the higher prevalence (71.0%) compared with the younger 
(63.0%) (Satayathum et al., 2006). Older children may have a lower risk for infection 
because of an acquired immunity that is not found in younger children, as was 
suggested by earlier studies on immune response and reinfection (Sturrock et al., 
1983, Hagan et al., 1987, Etard et al., 1995, Wolmarans et al., 2004, Hemson, 2007, 
Appleton and Maden, 2012). Satayathum et al, in the findings published in 2006 
showed that sex-specific prevalence of infection pattern over years was not constant 
as they found over period of nine years of study, indicating that a number of factors 
may influence sex-specific prevalence (Satayathum et al., 2006). 
 
Our study found a reduction of more than half for both prevalences of A. 
lumbricoides and T. trichiura in pupils aged 10-12 years since 1998. Also the overall 




1998 was more then twice what we found in our study. Only prevalence of S. 
haematobium was found to have increased in comparison to the PCP findings from 
1998 for both group of pupils aged 10-12 years and for all pupils aged 5-17 years. 
However, the differences in S. haematobium prevalences were not as high as those 
found in STHs. Such changes in infection prevalence may not be attributable only to 
improvements in water and sanitation but to the combinations of improvements in 
factors that spur increase of these infections such as health education and public 
awareness of importance of hygienic behaviour.  
 
A study that examined the combinations of water, sanitation and chemotherapy in 
Iran reported a decrease in Ascaris infections by 79% and egg counts by 88% and 
these were greater than the reductions for the group with only water and sanitation 
which had a 28% and 60% reduction respectively (Arfaa et al., 1977). Both 
investigated groups in our study and PCP study only received treatment the following 
year and the results post chemotherapy are not documented in this report. No mass 
treatment for schistosomiasis or STHs took place in Ugu during the period of 
between the PCP study in 1998 and our study in 2010. 
 
Other studies have found that improved water supplies and chemotherapy produced 
a greater reduction in the prevalence of schistosomiasis than that resulting from 
provision of water supplies alone (Pitchford, 1970, Negron-Aponte and Jobin, 1979, 
Jordan et al., 1982, Mason et al., 1986). Strategies that adopt combinations of 
various approaches have repeatedly been successful (Pitchford, 1970, Negron-




those who have been treated with drugs can prevent reinfection (Jordan et al., 
1982). 
5.4 Intensity of helminth infections 
 
The majority of cases found in our study were light infections. These findings are in 
agreement with the findings from the PCP study which reported overall light and 
moderate intensity of infections (Kvalsvig et al., 2001). The PCP study was done in 
the same area but reported a mean egg count of (22.5, SD 57.2 EPG) eggs/10ml 
urine for S. haematobium, which was similar to that found in our study (16.7, SD 56.4 
EPG).  
 
Pupils with helminth dual co-infections comprised almost the third of the pupils in our 
study and had moderate to heavy infections. Those with S. haematobium had heavy 
intensity of infections in both the PCP and our study. This indicates that pupils with 
co-infections of either T. trichiura or A. lumbricoides are suffering from heavy worm 
burdens which may, if unattended, lead to morbidity. Co-infections are common in 
endemic areas and Bradley and Buch also reported cases of Ascaris, Trichuris and 
Taenia co-infections in earlier studies conducted in the province (Bradley and Buch, 
1994).  
 
Helminth eggs can survive 10–12 months in the soil upon excretion in tropical 
climate conditions (Larsen, 1999, Sanguinetti et al., 2005, World Health 
Organisation, 2006) with Ascaris eggs being the most resistant (World Health 




endemicity through introduction of new infections whilst old infections have not yet 
been eradicated.  
 
Amongst all the 18 schools included in the study, at least two of the three targeted 
helminths were found in pupils attending each school. These findings confirm that 
these areas are endemic for all three targeted helminths.  
5.5 Schools Included in the Study 
 
The national teachers unions’ strike affected the field work of our study in the last 
five schools resulting in a low participation of pupils from those schools. Thus this is 
the reason all the last five schools had overall low sample size except for one school 
(Q) as our team got disrupted in these schools. There is a possibility that the findings 
from these schools may be an under-representation of the true extent of their pupils’ 
helminth infection prevalence.  
 
All randomly selected schools were located at an altitude of below 300m and were 
near rivers, the furthest being 1.7km. The altitude was selected based on the studies 
by Appleton and colleagues who showed that in KwaZulu-Natal, the prevalence of 
helminth infections decreased with increasing altitude (Appleton et al., 1999, 
Moodley et al., 1999). In our study, a pattern was observed which showed that 
schools furthest from rivers had lower prevalences for all three heminth infections 
and that those that were closer to rivers had higher prevalences.  
 
Few pupils, 5.8% (59/1023), admitted that they cross the river daily as opposed to 




S. haematobium infection. However, a group working in Kenya did not find frequent 
water contact to be a significant indicator of schistosomiasis infection amongst pupils 
aged less than 12 years (Satayathum et al., 2006). Factors that increase risk of 
infection may vary and be complex and these include poor living conditions such as 
a lack of clean water, inadequate sanitation and resource allocation and external 
environmental factors such as suitable climatic conditions like temperature extremes, 
droughts, and flood events (Moodley et al., 1999). It is commonly known that 
constant contact with fresh water bodies increases chances of infection by S. 
heamatobium hence schistosomiasis is often referred to as a water body contact 
disease. Whether schools that are closest to rivers in our study are at an increased 
risk of infection with schistosomiasis is an issue that will have to be critically explored 
in future surveys. 
  
Our teams had to visit participating schools on at least five consecutive days in an 
effort to get all three required urines and one stool sample from all the participants. 
School visits were not easy as most of the schools are located in rural areas where 
there is poor infrastructure, especially roads, and some pupils have to cross shallow 
rivers to get to school. When raining these rivers overflow and become risky to cross 
and as a result many of the schools had a very low turn out during rainy days and 
also the reason we were unable to collect the required number of urine samples from 
the participants. Absenteeism in schools was high during rainy days and also on 
Fridays. 
 
Fridays in South Africa are short school days. Schools close at 13:00 instead of the 




had four full days (Monday to Thursday) and one half day (Friday) to collect samples 
in the schools. Prevalence rates for all three helminth infections between schools 
varied but not significantly. S. haematobium transmission occurs mainly during the 
hot and humid summer (Saathoff et al., 2004b) and has a pre-patent period, infection 
to egg-excretion by host, of about eight to ten weeks (Sturrock, 1986). Urine samples 
were collected in summer but this is also the time of the year of increased rainfall in 
KwaZulu-Natal (Appleton et al., 1999). 
 
Findings from a study done in northern KwaZulu-Natal reported that S. haematobium 
prevalence from boys slowly increased from 60.0% in the youngest to 79.0% in the 
oldest age group whereas the youngest girls had a much lower prevalence (37.0%) 
but the increase with age was steeper (Saathoff et al., 2004b). However, another 
study in Ugu District found no statistically significant gender differences (Taylor et al., 
2001). Also a Kenyan study on pupils less than 12 years did not find any significant 
difference in schistosomiasis infection between boys and girls (Satayathum et al., 
2006). Our findings however may be an underestimation of the real prevalence of 
helminth infections in school age pupils in general (both boys and girls) as our focus 
was on females from a narrow age group but it presents a reflection of the helmith 
infection status in Ugu district.   
 
Whilst other studies have found that school children present the highest prevalence 
and intensity of S. haematobium infection (Saathoff et al., 2004b), Schutte et al 
reported differences in prevalences of between 55% and 92% in the same area 
(Schutte et al., 1981), but this was many years ago and since 1994 efforts have been 




5.6 Water and Sanitation 
 
The phrase “improved access to water and sanitation” refers to water sources that 
are protected, safe and clean and sanitation that is safe, healthy and clean, and both 
services should be provided by the municipality (Department of Water Affairs, 2013). 
Such water sources include a household water connection, borehole, protected well, 
protected spring, or rainwater collection. Improved sanitation includes public sewer 
or septic system or the use of ventilated pit latrines (Department of Water Affairs, 
2013). More than two thirds of the population in Ugu District have access to safe 
piped water, communal stand pipe or mobile tankers (mainly when there are water 
shortages). 
 
As of 2006, about 42.0% of the population in Sub-Saharan Africa was without 
improved water, and about 64.0% is without improved sanitation in the region 
(Montgomery and Elimelech, 2007).  
 
In South Africa, the population without access to improved water has decreased from 
19.7% in 1996 to 8.8% in 2011, but in KwaZulu-Natal alone, 14.1% of population 
lacks access to improved water (Statistics South Africa, 2011). In order to assess the 
development that has taken place over the years in Ugu District we were able to 
interview the community ward councillors from communities surrounding the 
investigated schools and they provided information from their perspective as 
community leaders, and reported that the overwhelming majority in their 





Water and sanitation information from the community ward councillors and that 
collected from our study also concurred with the 2012 annual report from the survey 
conducted by the Ugu municipality which showed that 76.0% and 65.0% of the 
households within the community respectively have VIPs and access water within 
200m (Ugu District Municipality, 2011). In most countries the proportion of population 
with access to improved water increased from 1990 to 2002 (World Health 
Organisation and UNICEF, 2004). WHO has declared 2005-2015 the decade of 
water, with the goal of establishing a framework to eventually provide full access to 
improved water supply and sanitation for all people (Montgomery and Elimelech, 
2007) in an effort to bring global attention and resources to the problem. 
 
Studies on improvements in water and sanitation done in other countries in previous 
years have showed that water and sanitaion does impact prevalences in helminth 
infections (Mason et al., 1986, Lima e Costa et al., 1987). School children who lived 
in communal lands without piped water supply had prevalences of S. mansoni and S. 
haematobium of 4.8% and 4.4% whereas pupils who lived on the same lands but 
with piped water had prevalence 0.8% and 0.4% for both S. mansoni and S. 
haematobium, respectively (Mason et al., 1986). 
 
Another study in Brazil found that children aged 5-14 years were 7.3 times more 
likely to have splenomegaly (an indication of severe schistosomiasis) if they had no 
piped water in their home (Lima e Costa et al., 1987). Over a seven year period, 
children under 14 years of age in small North East community in Brazil showed a 
reduction in the prevalence of schistosomiasis, and this was 77% greater in the 




Statistics of the South African population without improved sanitation access have 
declined from 13.6% in 2001 to 5.2% in 2011 and the number of the population with 
flush toilets connected to the sewerage system increased from 49.1% to 57.0%, 
flushing toilets with septic tanks increasing from 2.8% to 3.1%, and pit toilets with 
ventilation (VIP) from 5.7% to 8.8% from 2001 to 2011 (Statistics South Africa, 
2011). These overall reports indicate that there has been an improvement in the 
areas of water (as discussed previously) and sanitation throughout the country even 
though such success for the latter is much less compared to that of water provision.  
 
Sanitation remains a challenge for some communities in Ugu, and according to the 
councillors’ reports this is due to improper maintanance of VIPs by households, for 
example, that cannot afford to buy toilet paper due to the cost. The use of 
newspaper instead of toilet paper then leads to pits filling up fast as they do not 
readily decompose fast but take time to decompose. This may also be the reason 
fourteen of the fifteen councillors reported a backlog in the provision of VIPs as some 
households pits are already full/almost full and will require new VIPs whilst there are 
some households that are still waiting to get their first VIPs and have been waiting 
for years.  
 
According to the national South African policies, citizens in rural areas must have 
access to clean water no more than 200m away from where they live (Department of 
Water Affairs, 2013). Ugu District Municipality provides its population with communal 
standpipes for water, in order to improve access but there is not always sufficient 




5.7 Water Contact (Risk Behaviour)  
 
Knowledge of the prevalence of infection as well as age groups at risk and areas that 
are worst affected within the population, is key for adequate patient management 
and for guiding the design, implementation and monitoring of community-based 
infectious disease control programs (Katz et al., 1972, Peeling et al., 2006). Our 
study found that children from households using standpipes or communal standpipes 
had a higher risk of contacting S. haematobium, (83.7% were positive), than children 
from households with indoor tap water (12.4%). These findings were supported by 
what other studies have found, there was a reduction of 37% Ascaris prevalence for 
a group that had lavatories and indoor plumbing and 12% for those with lavatatories 
and a yard well (Henry, 1981). Another study found that the presence of piped-water 
in the home (Jordan et al., 1982, Lima e Costa et al., 1987) was associated with 
larger reductions in the prevalence of schistosomiasis (12.4% in Zimbabwe) than 
that produced by community water supplies (Mason et al., 1986).  
 
Valuable time has to be reserved for collection of water from nearby communal 
standpipes due to the demand. In areas not well serviced with improved water, 
collection of water may represent an additional burden as up to six hours each day 
may be spent in search of water to meet household needs (World Health 
Organisation and UNICEF, 2005). Due to the time spent fetching water for all 
household activities, some families end up not collecting enough. In south-east 
Brazil, children aged 5-14 years were 2.3 times more likely to be infected if they had 
no piped water in their home (Lima e Costa et al., 1987). Children may be inclined to 





Our study found that few (less than a quarter) of the pupils admitted that they 
practise water contact risk behaviours regarding unsafe water contact. Risk 
behaviours are water contact related activities that may increase the chances of 
getting infected with S. haematobium. Activities such as swimming in the river/dam, 
playing/swimming in the river, washing/bathing in the river, laundry, washing 
blankets and collecting water were all listed since they are still being commonly 
practised in these communities. Earlier studies in the same area found that 
recreational activities accounted for most of the water contact and unlike household 
related water contacts, showed strong seasonal variation (Kvalsvig and Schutte, 
1986). There are no water related recreational facilities such as swimming pools in 
rural areas in Ugu; there is only one in Gamalakhe, an urban township.  
 
It has been found in other studies in Saint Lucia and south-east Brazil that access to 
improved water supplies that included laundry and shower facilties was associated 
with reduced contact with infected waters and thus reduced infection (Jordan et al., 
1982, Lima e Costa et al., 1987). From the pupils’ interviews it appeared that the 
problem of bilharzia was not new in the area (Table 14). Pupils’ knowledge of 
bilharzia was suprisingly high compared to their age which may indicate that they 
may have learnt about bilharzia through cases of friends or relatives who have had 
bilharzia. However, a number of pupils themselves had been infected including those 
who reported bilharzia before. The majority of pupils do not have both their parents 
living with them and adequate supervision and proper guidance may be lacking at 





The findings from our study show that only prevalence of S. haematobium had 
increased but the STHs’ prevalence had decreased since the last time a similar 
study was done in Ugu district. This reduction in STHs’ prevalence may be due to 
improved water and sanitation infrastructure conditions which have occurred over the 
years. Also a change of lifestyle within communities from subsistence farming to 
relying on processed goods for consumption as seen in communities may have 
contributed to this reduction over the years. Other water contact from that reported in 
this report, even though infrequent, may still increase chances of S. haematobium 
infection. 
5.8 Limitations of the Study 
 
1. Access to participating schools after a heavy rainfall was very difficult. Roads 
were slippery and vehicle access was difficult. Due to the cost factor, the 
vehicles hired for use in this study were not four wheel drive vehicles. We had 
to postpone visiting some schools during rainy days as it would have been 
almost impossible for us to reach them since roads leading to them were in 
such a bad state. Fortunately, there were not so many schools that had 
impossible roads to drive on when wet, so we were able to still work in most 
schools during wet days, but children often did not come because of the 
weather and this affected the collection of three consecutive days urine 
samples.  
 
2. There was a noticeably high absenteeism rate in schools during wet and in 
some instances, cold days. A number of reasons were cited for this high rate 




shallow waters to get to school and when it rains such water bodies fill up with 
water and overflow making it impossible to cross.  
 
Some pupils have only one school shirt which has to be washed daily after 
school and when it is raining, the shirt cannot dry in time for the following 
school day making it difficult for pupils to attend school. This made it difficult 
for our team to collect all the information and samples needed in the three 
days planned, resulting in our team having to visit schools for more than one 
week, to collect as many samples as possible. 
 
3. Risk behaviour activities that increase pupils’ chances of getting infected with 
STHs  as well as a history of STHs’ infection in pupils were not collected in 
this study as much as those for S. haematobium. Risk behavioural information 
from the previous PCP study was useful in predicting the events that may be 
considered as risk for getting infected with STHs. 
 
4. Towards the end of 2010 there was a teachers’ strike that lasted for a couple 
of weeks towards the end of the academic year. This strike meant that the 
interaction we had with schools was very limited and when the strike was 
over, teachers were making up for the lost time and also preparing for exams. 
This led to the last five schools we visited having a low number of participants, 
as noted in our findings.  
 
5. It was later realised that the questionnaire should have included a questions 




there is tap water at home. This kind of information would have been helpful in 
comparing our findings to findings from the PCP study and being able to 
clearly delineate if there has been a change in the provision of such 
infrastructure.  
 
6. Community ward councillors were interviewed about the development in the 
communities around the schools included in the study, especially with regards 
to water and sanitation. However since they are in political structures, their 
replies may have been biased. We were however able to compare their 
responses with reports from the annual documents released by Ugu 
municipality and these supported their responses.  
 
7. We were not able to assess the extent of development in the area due to lack 
of documents in the Ugu District detailing the precise number of VIPs and 
standpipes installed per annum. From documents viewed at the archive room 
of Ugu Water and Sanitation department, most were financial documents 
detailing the financial breakdown, and none had detailed figures of the 
number of VIPs and standpipes erected per household in a month or year. 
This then made it difficult for us to be able to say how much has been done in 
the area.  
 
8. Our study focussed on eighteen randomly selected schools that were 
clustered in the Hibiscus Coast Municipality, few were in UMzumbe and no 
schools were included from the other four municipalities (Mdoni, Vulamehlo, 




difficult to compare accurately the findings from our study with those from the 
PCP study (1998) which sampled forty schools from across all six 
municipalities in Ugu. Only two schools from the PCP study were also 
included in our study, the rest were different schools selected using random 
numbers. 
 
9. Only female pupils aged 10-12 years were included in our study as compared 
to both boys and girls from ages 5 to 17 years in the PCP study. This study 
was nested within a bigger study on Female Genital Schistosomiasis (FGS) 
and female pupils were the only participants in the whole study. Previous 
studies have reported that ages 9-13 are the most vulnerable and most likely 
to contract helminth infections. Our study focused on this group, the most 
vulnerable age group making it possible to determine the prevalence of 
children in Ugu schools situated at less than 300m altitude. Although only 
females were included in the study, we are able to draw conclusions for both 
boys and girls using evidence from findings from previous studies that have 
found that both boys and girls are infected similarly with helminths (Taylor et 
al., 2001). 
 
10. Water and sanitation conditions were not investigated formally at the 
participating schools but we were able to observe the type of sanitation and 
water facilities at each school and were able to incorporate such information 





11. Pupils were neither asked about their knowledge of soil transmitted helminths 
nor about a history of soil transmitted helminths or whether they had been 
previously treated for it, which prevented us from establishing if there had 

























Chapter Six: Conclusion and Recommendations 
6.1 Conclusion 
After describing demographic, socio-economic indicators, the current situation and 
conditions of water and sanitation supplies in the area, as well as the prevalence and 
intensity of schistosomiasis and soil transmitted helminths amongst pupils in schools 
investigated, we were able to assess the extent of the problem of helmiths in the 
area and also the helminth types present in the area: 
 
 This study enabled us to determine the helminth species (Ascaris 
lumbricoides, Trichiuris trichiura and Schistosomiasis haematobium) present 
in areas investigated and we were able to note a change in helminth species 
present in Ugu district, in comparison to the species present in the district the 
last time a similar study (PCP study conducted between 1998-2000) was 
conducted.  
 
 Through interviews with community ward councillors from communities 
surrounding the investigated schools, we were able to learn of the 
developments that have happened over the past five years and such 
developments have been happening since the early 1990s to varying 
degrees. Despite the increase in prevalence of S. haematobium, it was also 
noted that the number of households and families with improved access to 
water and sanitation has increased. We were also able to determine that 
fewer pupils now practise water risk behaviour such as playing, doing laundry 




are other factors that may be attributed to this increase other than inadequate 
safe water infrastructure. 
 
 The level of knowledge of bilharzia amongst pupils was assessed and we 
discovered that more than half knew what bilharzia is and 18.3% that denied 
having bilharzia tested positive for bilharzia. Despite these findings, the S. 
haematobium (32.2%) was higher then that the PCP study found (14.9%). 
 
 We were able to conclude that access to water and sanitation has improved in 
comparison to the past. The prevalence and intensity of all three helminths 
has decreased. We were unable to attribute such a reduction in the problem 
of helminths solely to improved access to water and sanitation as there was 
general improvement in infrastructure despite an increase in population sizes. 
However it was noted that in UMzumbe Municipality, which has some 
challenges of water and sanitation had high prevalence and intensity of STHs 
in comparison to Hibiscus Coast Municipality which had less challenges, 
hence water and sanitation may be cited as important factors in explaining 
this trend. Therefore it is possible that a combination of factors may have 
contributed to this reduction in the problem of helminths in Ugu when 
compared to findings from the PCP study. 
 
 Although there has been a reduction in the prevalence of helminth infections, 
nearly a third of the samples were infected with schistosomiasis and a quarter 
with soil transmitted infections emphasing the need for further measures to 







Improvements in water and sanitation can be expected to also improve other aspects 
of health other than reducing the prevalence or incidence of helminth infections. 
When infection rates are reduced by anthelminthic treatment, water and sanitation 
facilities prevent infection rates from increasing again to pretreatment levels.  
 
The following recommendations are made: 
 To achieve maximum health impact, greater focus is needed in ensuring 
installation of safe hygienic toilets and safe water for personal and domestic 
hygiene in communities; 
 
 Proper sanitation facilities should be installed at the same time as water 
facilities to significantly effect optimum reduction of water-faecal related 
infections; 
 
 Access to water supply should be as close as possible to each house in order 
to reduce the temptation of using unsafe water sources and maximise hygiene 
practices; 
 
 School and health programmes should emphasize hygiene education to 
encourage personal hygiene. Pupils should also be taught early at schools 
about infections/diseases that are endemic in their communities and how such 





 Programmes from the DoH, DoE and Environmental Affairs should work 
together to raise awareness about parasitic infections and practices that 
minimise the risks of infection; thereby reducing new cases of infection. 
 
 Mass treatment programmes to control helminth infections (soil transmitted 
helminths and schistosomiasis) are required based on WHO guidelines which 
advocate targetting school-age pupils. Regular mass treatment using single 
dose praziquantel for schistosomiasis and albendazole for STHs have few 





Appendix 1: Pictures of water and toilet facilities in 






Figure 9: Pupils VIP toilet in one of the schools Figure 10: Inside the VIP toilet, plastic 
seat with cap 
 
 
Figure 11: Closed cemented pits of VIP toilet in one of the schools        







Appendix 2: Photos of field laboratory used to analyse 
samples in the 2010 study 
 
Figure 12: Table top set for examination of helminth eggs under light microscope 
          
Figure 13: Trained research assistants examining urine slide for detection of helminth 
eggs 
 


















































































































ADAMS, V. J., MARKUS, M. B., ADAMS, J. F. A., JORDAAN, E., CURTIS, B., DHANSAY, M. A., 
OBIHARA, C. C. & FINCHAM, J. 2005. Paradoxical helminthiasis and giardiasis in Cape 
Town, South Africa: epidemiology and control. Africa Health Sciences, 5, 276-280. 
ADELOYE, A. (ed.) 1987. Davey's Companion to Surgery in Africa, Edinburgh: Churchill-Livingstone. 
APPLETON, C.C. & KVALSVIG, J. 2006a. A school-based helminth control programme successfully 
implemented in KwaZulu-Natal. The Southern African Journal of Epidemiology and Infection, 
21, 55-67. 
APPLETON, C. C., MAURIHUNGIRIRE, M. & GOUWS, E. 1999. The distribution of helminth 
infections along the coastal plain of Kwazulu-Natal province, South Africa. Annals of Tropical 
Medicine and Parasitology, 93, 858-869. 
APPLETON, C. C. & KVALSVIG, J. D. 2006b. A school-based helminth control programme 
successfully implemented in KwaZulu-Natal. The South African Journal of Epidemiology and 
Infection, 21, 55-67. 
APPLETON, C. C. & MADEN, H. 2012. Human schistosomiasis in wetlands in southern Africa. 
Wetlands Ecology and Management. 
ARFAA, F., SAHBA, G. H., FARAHMANDIAN, I. & JALALI, H. 1977. Evaluation of the effect of 
different methods of control of soil-transmitted helminths in Khuzekstan, south-west Iran 
American Journal of Tropical Medicine and Hygiene, 26, 230-233. 
BARBOSA F. S., PINTO R. & Souza, O. A. 1971. Control of schistosomiasis mansoni in a small north 
east Brazilian community. Transactions of the Royal Society of Tropical Medicine and 
Hygiene, 65, 206-213. 
BERHE, N., MEDHIN, G., ERKO, B., SMITH, T., GEDAMU, S., BEREDED, D., MOORE, R., HABTE, 
E., REDDA, A., GEBRE-MICHAEL, T. & GUNDERSEN, S. G. 2004. Variations in helminth 
faecal egg counts in Kato-Katz thick smears and their implications in assessing infection 
status with Schistosoma mansoni. Acta Tropica, 92, 205-212. 
BETHONY, J., BROOKER, S., ALBONICO, S., GEIGER, S. M. & LOUKAS, A. 2006. Soil transmitted 
helminth infections: ascarisis, trichuriasis, and hookworm. Lancet, 367, 1521-1532. 
BRADLEY, J. P. & BUCH, E. 1994. The prevalence of Ascaris and other helminth infestations in 
children attending a rural Natal hospital and its clinics. The Southern African Journal of 
Epidemiology and Infection, 9, 42-44. 
BROUWER, K. C., MUNATSI, A., NDHLOVU, P. D., WAGATSUMA, Y. & SHIFF, C. J. 2004. Urinary 
schistosomiasis in Zimbabwean school children: predictors of morbidity. African Health 
Sciences, 4, 115-118. 
BURGER, P. J. 1968. Die voorkoms van intestinale parasiete by skoolkinders in die Tygerbergse 
omgewing. South African Medical Journal, 42, 811-812. 
CENTER FOR DISEASE CONTROL AND PREVENTION 1994. Schistosomiasis in Lake Malawi. Not 
Journal, 1, 1-10. 
CHENINE, A. L., SHAI-KOBILER, E., STEELE, L. N., ONG, H., AUGOSTINI, P., SONG, R., LEE, S. 
J., AUTISSIER, P., RUPRECHT, R. M. & SECOR, W. E. 2008. Acute Schistosoma mansoni 
Infection Increases Susceptibility to Systemic SHIV Clade C Infection in Rhesus Macaques 
after Mucosal Virus Exposure. PLoS Neglected Tropical Diseases, 2, e265. 
CHIODINI, P. L. 2005. New diagnostics in parasitology. Infectious Disease Clinics of North America, 
19, 267-70. 
CROMPTON, D. 1989. Prevalence of ascariasis. In: CROMPTON, D., NESHEIM, M. & PAWLOWSKI, 
Z. (eds.) Ascariasis and Its Prevention and Control. London: Taylor and Francis. 
CROMPTON, D. 1999. How much human helminthiasis is there in the world? The Journal of 
Parasitology, 85, 397-403. 
DE KLERK, A., FRASER, L., KRUGER, T., NCGOBO, N., LOMBAARD, J., JORDAAN, J., MOORS, 
K. & MCFARLANE, D. 2012. UGU DISTRICT MUNICIPALITY: SECTOR WIDE 
INFRASTRUCTURE AUDIT FINAL REPORT. Port Shepstone. 
DE SILVA, N. R., BROOKER, S., HOTEZ, P. J., MONTRESO, A. & ENGELS, D. 2003. Soil 
transmitted helminth infections: updating the global picture. Trends in Parasitology, 19, 547-
551. 
DEPARTMENT OF PUBLIC WORKS 2011/2012. Annual Report. 
DEPARTMENT OF WATER AFFAIRS 2013. National Water Policy Review: Updated Policy Positions 
to Overcome the Water Challenges of our Developmental State to Provide for Improved 




DEPARTMENT OF PROVINCIAL AND LOCAL GOVERNMENT: REPUBLIC OF SOUTH AFRICA. 
2007. Nodal Economic Profiling Project: Ugu, KwaZulu-Natal. 
EGWUNYENGA, O. A. & ATAIKIRU, D. P. 2005. Soil-transmitted helminthiasis among school age 
children in Ethiope East Local Government Area, Delta State, Nigeria. African Journal of 
Biotechnology, 4, 938-941. 
ETARD, J. F., AUDIBERT, M. & DABO, A. 1995. Age-acquired resistance and predisposition to 
reinfection with Schistosoma haematobium after treatment with praziquantel in Mali. American 
Journal of Tropical Medicine and Hygiene, 52, 549-558. 
EVANS, A., DU PREEZ, L., MAZIYA, S., VAN DE MERWE, C. & SCHUTTE, C. 1987. Observations 
on the helminth infections in black pupils of the Eastern Transvaal lowveld of South Africa. 
The South African Journal of Epidemiology Infection, 2, 7-14. 
FELDMEIER, H., KRANTZ, I. & POGGENSEE, G. 1994. Female genital schistosomiasis as a risk-
factor for the transmission of HIV. AIDS, 5, 368-372. 
FINCHAM, B. J. 2001a. There is more to worms than meets the eye. AIDS Bulletin, 10, 3. 
FINCHAM, J. 2001b. Intestinal parasites, growth of children, sanitation and water quality at primary 
schools in the Boland/Overberg Health region, Western Cape Province. Epidemiology 
Comments, 4, 5-16. 
FINCHAM, J., EVANS, A., KRUGER, M. & BENADE, A. 1996. Intestinal parasites and nutrition of 
children. MRC Policy Brief, No. 5, 1-3. 
GLINZ, D., SILUE, K. D., KNOPP, S., LOHOURIGNON, L. K., YAO, K. P., STEINMANN, P., RINALDI, 
L., CRINGOLI, G., N'GORAN, E. K. & UTZINGER, J. 2010. Comparing Diagnostic Accuracy 
of Kato-Katz, Kogar Agar Plate, Ether-Concentration, and FLOTAC for Schistosoma mansoni 
and Soil-Transmitted Helminths. Plos Neglected Tropical Disease, 4: e754. 
doi:10.1371/journal.pntd.0000754. 
HAGAN, P., BLUMENTHAL, U. J., CHAUDRI, M., GREENWOOD, B. M. & HAYES, R. J. 1987. 
Resistance to reinfection with Schistosomiasis haematobium in Gambian children: analysis of 
their immune responses. Transactions of the Royal Society of Tropical Medicine and Hygiene, 
81, 938-946. 
HEMSON, D. 2007. "The Toughest of Chores": policy and practice in children collecting water in 
South Africa. Policy Futures in Education, 5 (3), 315-326. 
HENRY, F. J. 1981. Environmental sanitation infection and nutritional status of infants in rural St. 
Lucia, West Indies. Transactions of the Royal Society of Tropical Medicine and Hygiene, 75, 
507-513. 
HONG, S.-T., HCHAI, J.-Y., CHOI, M.-H., HUH, S., RIM, H.-J. & LEE, S.-H. 2006. A successful 
experience of soil-transmitted helminth control in the Republic of Korea. Korean Journal of 
Parasitology, 44, 177-185. 
HOTEZ, P. J. 2008. Hookworm and poverty. Annals of the New York Academy of Science, 1136, 38-
44. 
HOTEZ, P. J., FENWICK, A. & KJETLAND, E. F. 2009. Africa's 32 Cents Solution for HIV/AIDS. Plos 
Neglected Tropical Diseases, 3(5): e430. doi:10.1371/journal.pntd.0000430. 
JOHNSON, C. L. & APPLETON, C. C. 2005. Urban schistosomiasis transmission in Pietermaritzburg, 
South Africa. The Southern African Journal of Epidemiology and Infection, 20, 105-107. 
JORDAN, P., UNRAU G.O., BARTHOLOMEW, R.K., COOK, J.A. & GOUWS, E. 1982. Value of 
individual household water supplies in the maintenance phase of a schistosomiasis control 
program in St. Lucia, after chemotherapy. Bulletin of the World Health Organisation, 60, 583-
588. 
KATZ, N., CHAVES, A. & PELLEGRINO, J. 1972. A simple device for quantitative stool thick-smear 
technique in Schistosomiasis mansoni. Revista do Instituto de Medicina Tropical de São 
Paulo, 14, 397-400. 
KIESER, F. 1934. Bilharzia and the school. South African Journal Medical Journal, 8, 323-325. 
KIMURA, E., MOJI, K., UGA, S., KILIKU, F. M., MIGWI, D. K., MUTUA, W. R., MUHOHO, N. D. & 
AOKI, Y. 1992. Effects of Schistosoma haematobium infection on mental test scores of 
Kenyan school children. Tropical Medicine and Parasitology, 43, 155-158. 
KJETLAND, E. F., MDULUZA, T., NDHLOVU, P. D., GOMO, E., GWANZURA, L., MIDZI, N., 
MASON, P., FRIIS, H. & GUNDERSEN, S. G. 2006a. Genital schistosomiasis in women - a 
clinical in vivo 12-months' study following treatment with praziquantel. Transactions of the 
Royal Society of Tropical Medicine and Hygiene, 100, 740-752. 
KJETLAND, E. F., NDHLOVU, P. D., GOMO, E., MDULUZA, T., MIDZI, N., GWANZURA, L., 




schistosomiasis and HIV in rural Zimbabwean women.  13th Conference on retroviruses and 
opportunistic infections (CROI), February 5-8 2006b Denver, Colorado, US. 
KJETLAND, E. F., NDHLOVU, P. D., KUREWA, E. N., MIDZI, N., GOMO, E., MDULUZA, T., FRIIS, 
H. & GUNDERSEN, S. G. 2008. Prevention of gynecologic contact bleeding and genital 
sandy patches by childhood anti-schistosomal treatment. American Journal of Tropical 
Medicine and Hygiene, 79, 79-83. 
KJETLAND, E. F., NDHLOVU, P. D., MDULUZA, T., GOMO, E., GWANZURA, L., MASON, P., 
KUREWA, E. N., MIDZI, N., FRIIS, H. & GUNDERSEN, S. G. 2005. Simple clinical 
manifestations of genital Schistosoma haematobium infection in rural Zimbabwean women. 
American Journal of Tropical Medicine and Hygiene, 72, 311-319. 
KVALSVIG, J. 1994. Common Parasite Infections in KwaZulu-Natal - Draft Fact Sheet. 
KVALSVIG, J., APPLETON, C. C., ARCHER, C., MTHETHWA, P., MEMELA, C., MPANZA, J. T., 
MWENI, S. L., NGCOYA, M., NKOMOKAZI, J. & QOTYANA, P. 2001. The KwaZulu-Natal 
Parasite Control Programme 1998-2000. Durban: University of KwaZulu-Natal. 
KVALSVIG, J. D. & SCHUTTE, C. H. 1986. The role of human water contact patterns in the 
transmission of schistosomiasis in an informal settlement near a major industrial area. Annals 
Tropical Medicine and Parasitology, 80, 13-26. 
LARSEN M. N. & ROEPSTORFF, A. 1999. Seasonal variation in development and survival of Ascaris 
suum and Trichuris suis eggs on pastures. Parasitology, 119, 209-220. 
LEDER, K. & WELLER, P. F. 2012. Epidemiology, pathogenesis, and clinical features of 
schstosomiasis. In: WELLER, P. F. (ed.). In ed: Baron, L, Wolters Kluwer Publishers. London 
LEIPOLDT, C. 1937. Bushveld Doctor, Published by Cape Town, Human and Rousseau, Cape Town 
LEUTSCHER, P. D., RAMAROKOTO, C. E., HOFFMANN, S., JENSEN, J. S., RAMANIRAKA, V., 
RANDRIANASOLO, B., RAHARISOLO, C., MIGLIANI, R. & CHRISTENSEN, N. 2008. 
Coexistence of urogenital schistosomiasis and sexually transmitted infection in women and 
men living in an area where Schistosoma haematobium is endemic. Clinical Infectious 
Diseases, 47, 775-82. 
LIMA E, COSTA M.F., MAGALHÃES M.H., ROCHA R.S., ANTUNES C.M. & KATZ, N. 1987. Water-
contact patterns and socioeconomic variables in the epidemiology of schistosomiasis 
mansoni in an endemic area in Brazil. Bulletin of the World Health Organisation, 65, 57-66. 
LOUW, J. H. 1966. Abdomical complications of Ascaris lumbricoides infection in children. British 
Journal of Surgery, 53, 510-521. 
LOVERIDGE, F., ROSS, W. & BLAIR, D. 1948. Schistosomiasis: the effect of the disease on 
educational attainment. South African Journal Medical Journal, 22, 260-262. 
LUTCHMINARAYAN, R. D. 2007. Sanitation, Water and Hygiene in eThekwini Municipality, Durban, 
South Africa: A Baseline Cross-Sectional Study. Master of Public Health, University of 
KwaZulu-Natal. 
MASON, P.R., PATTERSON B.A. & LOEWENSON, R. 1986. Piped water supply and intestinal 
parasitism in Zimbabwean schoolchildren. Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 80, 88-93. 
MAYA, C., TOMER-MORALES, F. J., LUCARIO, E. S., HERNANDEZ, E. & JIMENEZ, B. 2012. 
Viability of six species of larval and non-larval helminth eggs for different conditions of 
temperature, pH and dryness. Water Research, 46, 4770-4782. 
MIDZI, N., SANGWEME D, ZINYOWERA S, MAPINGURE MP, BROUWER KC, MUNATSI A, 
MUTAPI F, MUDZORI J, KUMAR N, WOELK G & MDULUZA, T. 2008. The burden of 
polyparasitism among primary schoolchildren in rural and farming areas in Zimbabwe. 
Transactions of the Royal Society of Tropical Medicine and Hygiene, 102, 1039-1045. 
MONTGOMERY, M. A. & ELIMELECH, M. 2007. Water and Sanitation in Developing Countries: 
Including Health in the Equation. Environmental Science and Technology, 17-24. 
MOODLEY, I., KLEINSCHMIDT, I., SHARP, B. L., CRAIG, M. H. & APPLETON, C. C. 1999. 
Schistosomiasis and climate in South Africa: Preliminary models using geographic information 
systems. Part two: Schistosomiasis: final report. Unpublished work. Durban: Medical 
Research Council of South Africa. 
MULLER, I., COULIBALY, J. T., FURST, T., KNOPP, S., HATTENDORF, J., KRAUTH, S. J., STETE, 
K., RIGHETTI, A. A., GLINZ, D., YAO, K. P., PUHSE, U., N'GORAN, E. K. & UTZINGER, J. 
2011. Effects of Schistosomiasis and Soil-Transmitted Helminth Infections on Physical 
Fitness of School Children in Ivory Coast. Plos Neglected Tropical Diseases, 5(7):e1239. doi: 
10.1371/journal.pntd.0001239. Epub 2011 Jul 19. 
NEGRON-APONTE, H. & JOBIN, W. R. 1979. Schistosomiasis control in Puerto Rico. American 




NOKES, C., GRANTHAM-MCCREGOR, S. M., SAWYER, A. W., COOPER, E. S., ROBINSON, B. A. 
& BUNDY, D. A. P. 1992. Moderate to heavy infections of Trichuris trichiura affect cognitive 
function in Jamaican school children. Parasitology 1004, 539-547. 
OLSEN, A., VAN LIESHOUT, L., MARTI, H., POLDERMAN, T. & POLMAN, K. 2009. Strongyloidiasis 
- the most neglected of the neglected tropical diseases? Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 103, 967-972. 
PEELING, R. W., SMITH, P. G. & BOSSUYT, P. 2006. A guide for diagnostic evaluation. Nature 
Reviews Microbiology, 4(12 Suppl):S2-6. 
PITCHFORD, R. J. 1970. Control of bilharziasis by rural management. Central African Journal 
Medicine. 16, 31-33. 
POGGENSEE, G. & FELDMEIER, H. 2001. Female genital schistosomiasis: facts and hypotheses. 
Acta Tropica, 79, 193-210. 
RENGANATHAN, E. A. 1998. An international initiative on praziquantel use. Parasitology Today, 14, 
390-391. 
SAATHOFF, E., OLSEN, A., KVALSVIG, J. D. & APPLETON, C. C. 2004a. Patterns of geohelminth 
infection, impact of albendazole treatment and re-infection after treatment in schoolchildren 
from rural KwaZulu-Natal/South-Africa. BMC Infectious  Diseases, 4, 27. 
SAATHOFF, E., OLSEN, A., MAGNUSSEN, P., KVALSVIG, J. D., BECKER, W. & APPLETON, C. C. 
2004b. Patterns of Schistosoma haematobium infection, impact of praziquantel treatment and 
re-infection after treatment in a cohort of school children from rural KwaZulu-Natal, South 
Africa. BMC Infectious Diseases, 4:40 doi:10.1186/1471-2334-4-40. 
SANGUINETTI, G. S., TORTUL C., GARCÍA M. C., FERRER V., MONTANGERO A. & STRAUSS, M. 
2005. Investigating helminth eggs and Salmonella sp. in stabilization ponds treating septage. 
Water Science and Technology 51, 239-247. 
SATAYATHUM, S. A., MUCHIRI, E. M., OUMA, J. H., WHALEN, C. C. & KING, C. H. 2006. Factors 
affecting infection or reinfection with Schistosoma haematobium in coastal Kenya: survival 
analysis during a nine-year, school-based treatment program. American Journal of Tropical 
Medicine and Hygiene, 75, 83-92. 
SAVIOLI, L., HATZ, C., DIXON, H., KISUMKU, U. M. & MOTT, K. E. 1990. Control of morbidity due to 
Schistosoma haematobium on Pemba Island: egg excretion and hematuria as indicators of 
infection. American Journal of Tropical Medicine and Hygiene, 43, 289-295. 
SCHUTTE, C., ERIKSSON, I., ANDERSON, C. & LAMPRECHT, T. 1981. Intestinal parasitic 
infections in black scholars in northern KwaZulu. South African Journal Medical Journal, 60, 
137-141. 
SCHUTTE, C., VAN DEVENTER, J. & ERIKSSON, I. 1977. Parasitic infections in black children in an 
endemic schistosomiasis area of Natal. South African Journal Medical Journal, 51, 268-272. 
SCHUTTE, C. H. J., FRIPP, P. J. & EVANS, A. C. 1995. An assessment of the schistosomiasis 
situation in the Republic of South Africa. The South African Journal of Epidemiology and 
Infection, 10, 37-43. 
SECOR, W. E. 2006. Interactions between schistosomiasis and infection with HIV-1. Parasite 
Immunology. 11, 597-603. 
STATISTICS SOUTH AFRICA 2011. Census 2011 Report. Published by Statistics South Africa. 
Pretoria. 
STURROCK, R. F. 1986. A Review of the Use of Primates in Studying Human Schistosomiasis. 
Journal of Medical Primatology, 15, 267-279. 
STURROCK, R. F., IMANI, R., COTTREL, B. J., BUTTERWORTH, A. E., SEITZ, H. M., SIONGOK, T. 
K. & HOUBA, V. 1983. Observations on possible immunity to reinfection among Kenyan 
schoolchildren after treatment for Schistosomiasis mansoni. Transactions of the Royal 
Society of Tropical Medicine and Hygiene, 77, 363-371. 
TAMEIM, O., ZAKARIA Z. B., HUSSEIN H., E. L. GADDAL A. A. & JOBIN, W. R. 1985. Control of 
Schistosomiasis in the new Rahad irrigation scheme of central Sudan. Journal of Tropical 
Medicine and Hygiene, 88, 115-124. 
TAYLOR, M., JINABHAI, C. C., COUPER, I., KLEINSCHMIDT, I. & JOGESSAR, V. B. 2001. The 
effect of different anthelmintic treatment regimens combined with iron supplementation on the 
nutritional status of schoolchildren in KwaZulu-Natal, South Africa: a randomized controlled 
trial. Transactions of Royal Society of Tropical Medicine and Hygiene, 95, 211-216. 
TERER, C. C., BUSTINDUY, A. L., MAGTANONG, R. V., MUHOHO, N., MUNGAI, P. L., MUCHIRI, 
E. M., KITRON, U., KING, C. H. & MUTUKU, F. M. 2013. Evaluation of the health-related 
quality of life in Schistosoma haematobium-endemic communities in Kenya: a cross-sectional 




THE GENERAL ASSEMBLY. United Nations Millenium Declaration: resolution adopted by the 
General Assembly. 55/2. Sept 18 The United Nations General Assembly, 2000. 
TRAVIS, P., BENNETT, S., HAINES, A., PANG, T., BHUTTA, Z., HYDER, A. A., PIELEMEIER, N. R., 
MILLS, A. & EVAN, T. 2004. Overcoming health-systems constraints to achieve the Millenium 
Development Goals. The Lancet, 364, 900-906. 
UGU DISTRICT HIV AND AIDS STRATEGIC PLAN (UDSP) 2008. Epidemiology of HIV and AIDS. 
Port Shepstone, KwaZulu-Natal, South Africa. 
UGU DISTRICT MUNICIPALITY 2011. Sector Wide Infrastructure Audit: Final Report. Port 
Shepstone. 
UGU MUNICIPALITY. 2008. UGU DISTRICT MUNICIPALITY INTEGRATED DEVELOPMENT PLAN 
2007/08-2011/12. Report 
UTZINGER, J. & KEISER, J. 2004. Schistosomiasis and soil-transmitted helminthiasis: common drugs 
for treatment and control. Expert Opinion on Pharmacotherapy, 5, 263-285. 
VERMEULEN, M. S., STEYN, N. P., NEL, J. H., TEN BRINK, S. A. & LOMBARD, R. H. 1997. Socio-
demographic, sanitation and hygiene factors related to nematode infection of a rural 
population in the Northern Province. The South African Journal of Epidemiology and Infection, 
12, 85-90. 
VORSTER, H.H., OOSTHUIZEN W., JERLING J.C., VELDMAN F.J. & H.M., B. 1997. The Nutritional 
Status of South Africans-A Review of the Literature 1975-1996. Durban: Health Systems 
Trust. 
WOLMARANS, C. T., DE KOCK, K. N., BORNMAN, M. & LE ROUX, J. 2004. The use of school-
based questionnaires in the identification of factors and groups at risk of infection with 
Schistosoma mansoni in the endemic areas of the Limpopo Province, South Africa. The 
South African Journal Epidemiology Infection, 19, 18-22. 
WORLD BANK 2003. The Millenium Development Goals for health. Rising to the challenges (draft). 
Washington: World Bank. 
WORLD HEALTH ORGANISATION 2002a. Prevention and control of schistosomiasis and soil- 
transmitted helminthiasis. Technical report series 912, 1-63. 
WORLD HEALTH ORGANISATION 2002b. Report of the WHO informal consultation on the use of 
praziquantel during pregnancy/ lactation and albendazole/mebendazole in children under 24 
months. 1-34. 
WORLD HEALTH ORGANISATION. 2002c. Schistosomiasis. Epidemiological data / Geographical 
distribution [Online]. WHO. Available: http://www.who.int/ctd/schisto/index.html [Accessed 
May 25 2003]. 
WORLD HEALTH ORGANISATION & UNICEF 2004. Drinking Water and Sanitation Target: A Mid-
Term Assesment of Progress Geneva: WHO. 
WORLD HEALTH ORGANIZATION. 2005. Scientific Working Group - Report on Schistosomiasis. 
WORLD HEALTH ORGANISATION & UNICEF 2005. Water for Life: Making It Happen Geneva: 
WHO. 
WORLD HEALTH ORGANIZATION 2006. Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Geneva: WHO. 
WORLD HEALTH ORGANISATION. 2006. Press release: Burkina Faso reaches major milestone in 
protecting its people against tropical parasites [Online]. WHO. Available: 
http://www.who.int/wormcontrol/bf_press_release/en/print.html [Accessed 04.09 2006]. 
WORLD HEALTH ORGANIZATION. 2009. Schistosomiasis. In: WHO (ed.) Trends in Parasitology. 
WORLD HEALTH ORGANIZATION. 2010. Statement - WHO Working Group on Urogenital 
Schistosomiasis and HIV Transmission, October 12, 2009. Geneva: World Health 
Organization. 
WORLD HEALTH ORGANISATION. 2013. Intestinal Worms: Epidemiology [Online]. 
WORLD SUMMIT ON SUSTAINABLE DEVELOPMENT. Aim at Priority Issues -- Water, Energy, 
Health, Agricultural Production and Biodiversity.  World Summit on Sustainable Development, 
26 August - 4 September 2002 2002 Johannesburg, South Africa. Department of Public 
Information - News and Media Services Division - New York. 
WRIGHT, E. D., CHIPANGWI, J. & HUTT, M. S. R. 1982. Schistosomiasis of the female genital tract. 
A histopathological study of 176 cases from Malawi. Transactions of Royal Society of 
TropicalMedicine and Hygiene, 76, 822-829. 
ZIEGELBAUER, K., SPEICH, B., MAUSEZAHL, D., BOS, R., KEISER, J. & UTZINGER, J. 2012. 
Effect of Sanitation on Soil Transmitted Helminth Infection: Systematic Review and Meta-
Analysis. Plos Medicine 9 (1): e1001162. doi:10.1371/journal.pmed.1001162. 
 
